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Introduction

In this assignment, I will be analysing the measurements received from an engine dynamometer and identifying how the engine tested performs, by calculating figures for its brake power, brake torque and details of how the engine reaches those figures. Conventionally, I would go to the workshop provided and run the test myself to obtain experience on handling the dynamometer and how it works for its designated use, however due to COVID-19 regulations coming in to place I was given two videos on how to use the dynamometer and details of how it powers the engine, along with a spreadsheet of data.
My main priority is to show the key pieces required for calculating figures associated to an engine’s performance. To do this, the spreadsheet will be broken down to highlight, for each calculation, what information will be used. Calculations will also be broken down to show how answers are obtained.
Within the data provided were figures for the following: the load, in newtons, that the engine dispenses; the engine’s speed, in rpm; the fuels flow rate measured in litres; the lambda located in the exhaust system and details of the environment on the day of the test which are the air’s humidity, pressure and temperature.

[bookmark: _Toc57385254]Schenck W230

In the likes of engine performance testing, component testing and engine development, the W series eddy current dynamometer is a prime example of a good dyno to use for said applications. The W230 is an application optimised for the development of fuel usage within petrol and diesel engines, also with a suitable feature of being more accurate than a majority of dynamometers since the speed measurements are obtained contact free through a pulse generator.
To use the dynamometer correctly, the engine’s crank shaft will be bolted to a drive shaft on one end and bolted to the dyno at another end; the exhaust system is sent straight through to an extraction pipe, which has its own silencer, to keep the fumes out the building. The fuel supply board is worked through a lift pump, which pulls in the fuel from the main tank. The fuel passes through a filter and pumped up through a fuel flo\w meter, to measure the correct fuel is being extracted through the system while the engine is running. Once measured through the flow meter, the fuel travels through the supply board to a secondary swirl pot and straight through to the main fuel pump, which also has a regulator before passing the fuel to the cylinders. The throttle body is also controlled via the actuator box which gives direct readings of the throttle position, as a percentage.
Sensors across the machine carry out measurements for fuel flow rate, coolant temperatures and a lambda sensor, however the dynamometer can have over 2000 sensors, dependent on what the user wished to measure.
[bookmark: _Toc57385255]D16A8
From the instructive videos provided to me, I know that the engine being tested is from the Honda D16A series, however the model name was never specified. After some intuitive investigations, I have come to the conclusion that it is a D16A9, due to the fact that, it runs a dual over head camshaft (DOHC), the exhaust system appears to have no catalytic converter. As we cannot attend the workshop in person, the technician uploaded a manual for the engine which is stated to be out of a Honda civic crx from 1988. After some further analysis, I have come across an article which states the engine model for the car, D16A8, also listing performance figures (Honda CRX Specifications, 2020) peak horsepower of 130 at a speed of 6800rpm and 103Nm of torque at 5700rpm. The article states that the redline of the engine is 7200rpm, however I suspect the technician to only run the engine to 5500rpm for safety reasons. During the video, it is described that due to a change in air filter the engine would highly likely have a decrease in performance.
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The first analysis of the engine’s performance was calculating the torque it produced. Load and the torque arm radius were the only two measurements needed for this and the calculation is as simple as multiplying the two together. The results will be shown in the appendix.

Above is a graph to illustrate the correlation between engine speed (rpm) and torque (Nm). As visible, the engine doesn’t show a strong amount of torque, however it seems to drop off quicker than it typically would. This could be down to the engine having worn out internal parts like spark plugs or incorrect timing of valves, the dirty lawn mower air filter that was popped onto it could affect the capability of the intake stroke or the speed of the engine not going as high as it possibly could. Comparative figures (Niederle, 2020), show that the torque peaks at 5700rpm which pushes 146Nm, whereas the graph illustrates a peak of 103.46Nm at 2350rpm: a massive difference between the two. Ultimately the underlying issue to this underperforming engine would be difficult to identify unless the engine is broken down and parts are analysed for wear. 
An extension to the analysis of torque is to calculate the brake mean effective pressure (BMEP) of the engine. This calculation is an analogy of the actual output power to the crankshaft, as it relies on the efficiency of the engine (What is the Mean Effective Pressure (MEP) of an engine ? – x-engineer.org, 2020). Similarly to torque, the BMEP has a peak efficiency lower in the rpm range and decreases twice before the engine reaches 5500rpm, however peak efficiency of 31.3% occurs early on at 1750rpm, before torque has even peaked.
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Once torque had been calculated, I moved onto the brake power. The formula for this is as follows:

To simplify this, N is the engine speed in revolutions per second (rps) and T is the figure for torque. Since engine speed was given to me in revolutions per minute, I simply divide rpm by 60 to get rps. The unit that this equation provides for brake power is watts, however we usually want it in kilowatts as the numbers tend to get lengthy in size. 
Once I have figured out brake power, the last step is to correct it accordingly to the environment in the workshop.

“Ps” is the symbol for corrected power; “1.01325” is the figure for the standard pressure; “Pa” is the symbol for the ambient pressure of the workshop accordingly; “Ta” is the ambient temperature of the workshop and “293” is the standard temperature, in kelvin.
This equation can then be rearranged to solve for the corrected power.



The correlation between the engine speed appears very much more like a typical power graph for this engine model, however the output of power illustrates to be very low. As this engine was more likely an import and has low power ratings from factory, the peak brake power of 13.81kW is fractional in comparison to the factory ratings for the engine. This could be due to underlying faults within the engine such as worn out internal parts including fuel filter, air filter, fuel pump, spark plug etc. A thorough servicing of the engine is more than likely required to regenerate some life back into it.
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A third analysis of the engine’s characteristic was looking at the rate of which the engine takes in, burns and converts the fuel into mechanical power. To calculate this, I was provided with an equation which goes as follows:

Where v represents volume, 0.74495 is the researched value for the specific gravity of fuel, t is time and Bp, as before, represents brake power. 3600 is a conversion for the volume from seconds to hours and 1000 converts time in seconds, to hours. However, for personal use, I manipulated the equation to my suitability. 
Since I had fuel flow rate which equates to volume over time, I took pieces from the above equation to get the answers I required. I converted the flow rate into from litres per minute into kilograms per minute, by multiplying it with the specific gravity of fuel. I came across the value of 0.739 from some data collected for engineers and anyone alike that is in need for the gravities of a number of fluids. (Liquids - Specific Gravities, 2020). Once I had the answer in Kg/min, I multiplied it by 60 to convert minutes to hours and divided itself by brake power to end with an answer in the units kilograms per kilowatt hour (Kg/kWh)

The graph below shows the correlation between the engine speed and the fuel consumption of the engine.
I believe the reason for the consumption at idle (1000rpm) to be as high as the consumption of fuel at 5500rpm is down to the brake thermal efficiency within the engine. This form of efficiency shows how well the burning of the fuel and air mixture converts into mechanical power: whatever the percentage is for efficiency, the remainder is lost as heat to the cooling system and exhaust gasses.

[bookmark: _Toc57385259]Brake Thermal Efficiency

The equation for working out the brake thermal efficiency is , where BSFC has to be in kilograms per sec. CV is the calorific value of fuel: I researched into the calorific value of fuel and came across a spreadsheet of data from the government. (Digest of UK Energy Statistics (DUKES): calorific values, 2020). This gave me a value for a variety of petroleum products ranging from 43.8 to 46.1 gigajoules per tonne (Appendix, 6). I took an average of 44.95 and converted it down to joules per kilogram as my multiplier for CV.

Across the rpm range, the efficiency ranged from 21.1% to 31.3%, where the higher the percentage the more proactive the engine is at turning the combustion into mechanical power. The graph above seems very typical to most brake thermal efficiency graphs for engines as a vast majority of engine will push anywhere between 20 to 35%, so in that respect this dirty old engine still pushes efficiency figures up to par as if it was new.

[bookmark: _Toc57385260]Evaluation

Throughout the assignment, I believe I performed to a good standard by keeping calculations in order, understanding how they work when broken down and understand how to manipulate an equation to what I will need it for. Due to the circumstances under COVID, I cannot comment on my performance for using the dynamometer as it was done by a technician, however I feel I obtained a good understanding of how the dyno takes measurements through its multitude of sensors. I believe I could have improved how the video was taken as there is a few things that are hard to understand as he may not have spoken clear or clearly explained how something worked, but I managed to capture what was needed.
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Brake Power to Engine Speed
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Brake Specific Fuel Consumption (SFC) against Engine Speed (rpm)
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net gross.

Natural gas produced (8 a9 s

Natural gas consumed (5) 85 a4

Coke oven gas 62 180

Blastfmace gas a0 30

Landt gas (10 w2 22

‘Sewage gas (10) 19-23 2125

Anseroic Digestn - famifoodfood () 1924 2128

(1) Applicable to UK consumption - based on calorific value for home produced coal pius imports and, for "All consumers™ net
orexports

(2) Home produced plus imports
(3) On an e receve” basis: easoned ogsat 20% moistrsconent. Ona ry"bass 203 G pr tone,

(4) Data reported on an oven dry basis of 20.3 GJ per tonne.
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