University of Wales Trinity Saint David


Wales institute of Science and Arts

[image: The University of Wales Trinity Saint David (UWTSD) | 4theRegion]
Engine performance characteristics

Engineering ACHA4004

Joseph Britton

2104278

March/2022

Contents
Introduction	3
Aims of the investigation	3
Testing method	4
Equipment	4
Methodology	4
Discussion	5
Torque and power against RPM	5
BMEP and thermal efficiency against RPM	5
Specific fuel capacity heatmap	6
Real pressure through RPM range	7
Conclusion	8
References	9



[bookmark: _Toc53058113][bookmark: _Toc65681299][bookmark: _Toc98248940][bookmark: _Toc98248956][bookmark: _Toc99319167]Introduction

The use of an engine dynamometer aids the user in understanding specifics of fuel consumption and toque outputs throughout the rev range of the engine. From the data attained during testing, the engineer can see where the engine performs optimally for different applications, whether that be for peak power or the best fuel economy. 

[bookmark: _Toc99319168]Aims of the investigation

This investigation intended in calculating various parameters for the engine in question, these include torque and power to produce a graph comparing the two against RPM, BMEP and thermal efficiency to compare the two graphically and SFC’s to know where the engine performs best from a fuel consumption standpoint. 

The use of a dynamometer allows you to optimise the MPG of the vehicle by creating an SFC heatmap. By seeing this heatmap you can show where the vehicle performs best which shows the consumer where the vehicle will operate its best. Reducing the MPG of a vehicle will decrease the overall running costs by increasing the distance the car can make on one tank of fuel and reducing road tax for the vehicle in theory (What Makes a Good MPG? - Hilton Garage Limited, n.d.).








[bookmark: _Toc99319169]Testing method

[bookmark: _Toc99319170]Equipment
The specific dynamometer that was used to conduct the testing was a Schenck ws230 which is an eddy current dyno. The type of dynamometer uses and electromagnetic field to act against the force of the engine which can calculate the torque produced. In short it turns mechanical energy into electrical energy(Eddy Current Dynamometer : Construction, Design and Its Applications, n.d.-a). Supporting the dynamometer are sensor recording modules, an exhaust extraction system, and a fuel supply board. 
The fuel supply starts via a lift pump supply fuel via the main tank which then goes through fuel filter in order to ensure it has no particulates that could harm the engine. The fuel then goes through a flow meter and into a swirl pot which leads to the main fuel pump. This fuel is monitored along the way through a fuel pressure regulator so the user can monitor it from the control room. 
[bookmark: _Toc99319171]Methodology
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Description automatically generated]Three are three ways of controlling a dynamometer. They are as follows, manual control, step test and a sweep test. Testing manually is the simplest way to do it, the control panel has two dials, one to control the resistive force from the dynamometer and one to control the throttle on the engine. Three screens are situated above the controls, The left screen shows various parameters including dyno torque, fuel flow rate and lambda 1. The right screen shows the dyno speed and all the ancillaries for the engine. Placed directly in front of the user is the main screen showing the control conditions and the specifics of the PRM and torque outputs at that current time. The manual use is targeted at testing specific RPM and load levels to gather results from desired combinations of the two. The step system allows you to target areas in an order however the dyno will do this automatically without the use of the hand controls. You would fill in different parameters of how you desire the engine to be tested and the system will run through these load and throttle inputs in sequence to gather the results, you would also decide the duration of each test.
As shown in the image alongside, you enter the information for the dyno to know how to test. These tests can range in complexity from a simple warm up test to emulating going through gear changes.  



[bookmark: _Toc99319172]Discussion

[bookmark: _Toc99319173]Torque and power against RPM
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Description automatically generated] The first bit of graphical data that was acquired was the Torque and power against RPM graph shown below. You can see that there is a severe torque drop off starting from 3000RPM. Many factors can attribute to this. As the RPM increases there is less pressure on the piston at the point which air and fuel can’t combust fast enough to be exhausted fully where no more pressure can be achieved. This is the point of peak torque, past this point your torque figure will drop (What Is Engine Torque? It’s Characteristics & Formula-CarBikeTech, n.d.).
As power is a result of the torque and the RPM it continues to rise even though torque falls due to RPM increasing (Horsepower vs. Torque: What’s the Difference?, n.d.). The drop from power seen at 6000RPM is due to the significant torque decrease you can see at the same point. Where the drop in torque is too much for the power to continue rising. 
[bookmark: _Toc99319174]BMEP and thermal efficiency against RPM 
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Description automatically generated]Alongside is a graph for BMEP and Thermal efficiency against RPM at full load. For you to calculate the thermal efficiency you must know the SFC’s of the engine, this requires the knowledge of the specific gravity of the fuel you are using. For this vehicle the specific gravity is 0.74 (Specific Gravity Chart, n.d.). Using this value along with the corrected power and CC per 45 seconds values you can work out your SFC values.
To get values for thermal efficiency you must also gather the Calorific value of the fuel you are using. For petrol it is in the range of 44 – 46 MJ/KG, so around 45 X 10⁶  J/KG (Heat Values of Various Fuels - World Nuclear Association, n.d.). 
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Description automatically generated]BMEP is determined by rearranging the formula below.





Your outcome would look like this.


From the graph we can see that the RPM range best suited for equal BMEP and thermal efficiency is 3800RPM, BMEP peaks at 3000rpm and thermal efficiency peaks at 4500RPM. The reasoning behind the drop in thermal efficiency is due to engine going lean at that point which decreases the efficiency. 
[bookmark: _Toc99319175]Specific fuel capacity heatmap
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Description automatically generated with medium confidence] SFC’s are high at lower load due to the lack of torque being created. Without this the engine runs rich and will waste fuel. Especially at the high RPM range. With the worst SFC at 6500RPM at 2% load. The rest of the results are very similar to each other, with the best SFC at 2250RPM with 35% load. This is because this is the point at which the engine is most efficient it is producing almost maximum torque, and this is the point where it is most volumetrically efficient.  
A good specific fuel capacity is a great indicator of an engines ability to transfer its chemical energy into mechanical energy. This is important as if too much chemical energy is wasted then it creates toxic fumes which are armful to not only humans but the ecosystem as a whole (Gudmundsson, 2014). 
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Description automatically generated]This final graph is a 3D plot of the real time pressure model through the full 4 strokes of the combustion cycle. You can clearly see that the pressure at its peak during the combustion stage where the mixture of air and fuel is being compressed by the piston as expected. At this point between 2-4000 RPM the pressure exceeds 80 bar. Prior to this at 2250 RPM as previously mentioned is where the engine is most volumetrically efficient, meaning it should have the maximum pressure which we see. Typically for a production engine at full load you would see 1000 psi which this graph proves true (Cylinder Pressure, n.d.). 80 bar is equivalent to 1160.3 psi which is about the average you would see if nit slightly higher which would indicate a higher compression ratio than an everyday vehicle. 




 

[bookmark: _Toc98248944][bookmark: _Toc98248960][bookmark: _Toc99319177]Conclusion 

Concluding these results, the tests and calculations performed indicate that a healthy engine was tested due to the normality of the results leaving no abnormalities. Each calculation performed is key to the performance of the engine, overall, the results gathered consist of Torque, Power, Corrected power, Area, BMEP, SFC and thermal efficiency which were then plotted into various graphs to compare them to each over evaluating the performance of the engine. This method of testing can only help so much as there are some drawbacks. For this specific type of dynamometer (Eddy current) there is heat loss which can affect the results you receive no matter how slight of a discrepancy it is (Eddy Current Dynamometer : Construction, Design and Its Applications, n.d.-b). These discrepancies may have had an impact on the results which could be reasoning to use a mechanical dynamometer which does not have these drawbacks.
Another way that could improve the results would be to monitor more parameters that have an affect on the outcome. Here are just a few to list, Humidity, airflow, and crankcase blowby. By taking the extra steps to measure these the results obtained would be that much closer to reality. It is all about removing as many factors as possible in order to ensure the best outcome of testing. 
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4. Correct Power for Temperature and Pressure (re-arrange for Py)

P, _ 101325

PR

Where:

P, = corrected Power (W)

P = measured power (W)

mbient pressure (bar)

mbient temperature in Kelvin (K)

5. Caleulate the piston area for the engine.

nd?
=7
‘Where:
d = bore (m)
A= area (m?)

6. Calculate Break Mean Effective Pressure (re-arranging for BMEP):

BMEPXLXAXnXN
B= 60x2

Where:

L= stroke (m)

A= Area (m?)

= number of cylinders

ngine speed in (RPM)

P, = corrected Power (W)

BMEP = Brake Mean Effective Pressure (Pa)

8. Calculate Specific Fuel Consumption research the specific gravity of fuel used.

V XSG X 3600
SFC=———
X 1000 X B,

of2. & ) 0

Where: N N

Vavolume of flow (L)

PSR

Tc @ &z Q)

19:03
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