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1. [bookmark: _Toc99317450]Introduction

1.1. [bookmark: _Toc99317451]Aims and Objectives of Investigation 

The aims and objectives of this investigation is to accurately use collected data from an Engine Dynamometer test and then evaluate the results of the test using a Matlab live script, to then be used in this report to aid the discussion of the engine operating parameters. The report will discuss the usage and possible benefits from carrying out engine testing on a Honda 1.6 Litre VTec, using an Engine Dynamometer. 

1.2. [bookmark: _Toc99317452]Usage and potential Benefits of Engine Dynamometer Testing 

Engine Dynamometers can be very useful when looking to see what kind of output in terms of torque the engine is creating at the crank, which can then be compared to the output seen at the wheels, and hence seeing how much power is inherently lost, while being transferred to the wheels and through the ground to make a car move. This is a benefit as it can see if anything can actually be done to reduce said losses. So, in turn, possibly help in the reduction of the losses seen, therefore increasing performance, which is crucial in a Motorsport environment. 
Depending on the Engine Dynamometer used, when gathering the data, the accuracy may vary. If it is a top of the range, newer model Engine Dynamometer then the accuracy will be greater. However, if it is an older lower range model, then it may be less accurate. However, it will still give you the ball park figures and so therefore can still be beneficial to use the Engine Dynamometer. The Engine Dynamometer used to gather the data for this investigation was a Schenck WS230, and according to (Technical Specification Eddy-Current Dynamometer W Series, n.d.) it has a “High measuring accuracy due to contact-free speed measurement via pulse generator as well as torque measurement via load cell”, so is useful. 

2. [bookmark: _Toc99317453]
Test Plan
2.1. [bookmark: _Toc99317454]Test Equipment

· Schenck WS230 Engine Dynamometer
· 10,000 RPM and a maximum load of 230kW 
· Honda 1.6 Litre VTec engine 
· Coolant Temperature Sensors 
· Lambda Sensor
· Sensor Recording Modules 
· Exhaust Extraction System 
· Fuel Supply Board 
· Fuel Lift Pump 
· Fuel Tank 
· Fuel Filter 
· Fuel Flow Meter
· Secondary Swirl Pot 
· Main Fuel Pump
· Regulator 
· Throttle Actuator Box 
2.2. [bookmark: _Toc99317455]Test Plan

There are two dials on the Dynamometer, one is used to control the Dynamometer torque and the other to control the engine RPM. They are used to control the speed of the engine, etc. Then, use them to get specific rpm values. If you are doing the testing like this, it is called Manual Testing as you are inputting the values yourself. You can let the computer do it for you as well, which will yield better results, but is more complicated for beginners. 

Note:
The Fuel Flow Meter only registers the fuel that is used while the engine is running, not what is taken out after, if there is a return system for the fuel set up on the dynamometer.

3. [bookmark: _Toc99317456]Matlab
3.1. [bookmark: _Toc99317457]Method

Using the gathered data from the dynamometer, start by calculating on Matlab, the Torque using the formula, Torque = Dyno Force * Dyno Radius. To get the Dyno force read in all the data gathered for dyno force. Then calculate power using the same method to read in the data for dyno speed. Then follow the instructions on the Matlab Live Script for all of the other calculations and graphs. 

3.2. [bookmark: _Toc99317458]Results
3.2.1. [bookmark: _Toc99317459]Specific Fuel Consumption (SFC) Heat Map

[image: ]










Figure 1 – SFC Heat Map 

SFC is a measure of how efficient the engine is at turning chemical energy into actual useful power. The SFC is at its best at 2250 RPM and 40% load. Some possible reasons as to why the SFC varies, as it does, as seen in Figure 1, with engine speed and load, are that when the load is higher the engine reacts to this and adapts to not lose engine speed and then brings in more air or fuel to make it run better, hence the SFC is better, but when its at low loads it doesn’t require it to be running as smoothly and outputting best performance, hence at lower loads the SFC is higher.

3.2.2. [bookmark: _Toc99317460][image: Chart, line chart

Description automatically generated]Double Y axis graph of Torque and Power
Figure 2 – Double Y axis graph of Torque and Corrected Power against RPM at full load


Torque is a turning force, that is also know as a moment of a force, in physics it is the tendency of a force to rotate a body to which it is applied (Killedar, 2012)
Corrected power is the power, but it is changed so that it is a more comparable value, as the conditions when testing are not likely to be similar to someone testing in a different area, so correcting the power allows it to be comparable. 
The Torque and Corrected power may vary with RPM, because as the RPM increases the speed the crank is spinning at, it will output a greater power, until it hits a limit where it will slowly begin to drop off slightly due to it not being able to spin any faster. Therefore, it creates less power, even though the RPM is higher. Torque is a turning force so as it turns more the force increases, again though it reaches a point where it cannot go any higher and so drops off, in this case a lot earlier than the corrected power. 

3.2.3. [bookmark: _Toc99317461]Double Y axis graph of Thermal Efficiency and Break Mean Effective Pressure (BMEP)
[image: Chart, line chart

Description automatically generated]Figure 3 – Double Y axis Graph for BMEP and Thermal Efficiency against RPM at full load 


BMEP – The mean available pressure during a power stroke to do work once all frictional losses are accounted for. 
Thermal Efficiency – Measure of the overall ability of the engine to convert fuel energy into mechanical energy.
The main reason why thermal efficiency and BMEP varies so much with RPM is that Thermal Efficiency is very inconsistent anyway, as heat can escape very easily. For example, F1 engines are only around 50% thermal efficient, so for something that millions if not billions of pounds have gone into and is still only at 50% it is hard to solve. So, it is normal to fluctuate so much and is due to heat loss not being consistent and can lose varying amounts at different times even when running at the same engine speeds. 

3.2.4. [bookmark: _Toc99317462][image: Chart, surface chart

Description automatically generated]3D Plot of cylinder Pressures across all RPM’s and Crank Angles
Figure 4 – 3D Surf Graph of Pressure against Crank Angle and RPM

Pressure – is the force acting on a specific area
RPM – is the engine speed in Revolutions Per Minute 
Crank Angle is the angle that the crank shaft is at around 360 degrees. But two full 360 degrees accounts for all 4 strokes. 
The Pressure reaches its peak at just over 0 degrees, around 30 degrees, crank angle as seen in Figure 5. And at about 3500 RPM from Figure 4. This shows us that the power stroke is after 30 degrees crank angle, as above 30 the pressure is building, then hits its maximum then decreases, so it is on its exhaust stroke. 
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Figure 5 – Same graph as Figure 4 just at a different angle 

4. [bookmark: _Toc99317463]Conclusion 

Overall, we can see that the SFC is best at 40% load and 2250 RPM at 0.2387, and the worst being at 6000 RPM and 2% load at 1.079. It can be seen that the Thermal Efficiency of the engine fluctuates massively at different RPM’s. The maximum Torque is around 203 Nm reached at 3000 RPM.
However, the testing can be limited due to the Engine Dynamometers age, meaning due to wear it could have lost some of it accuracy and may give off skewed data results, which would then throw off all of the calculated data. This means all of the values could be inaccurate. Do not take this to mean they are unusable, as they will still be accurate to a degree, though the age of the testing equipment in this case, the Engine Dynamometer, must be taken into account when using the data. 
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