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The aim of this report is to give an understanding to different methods of testing and measuring the output of an engine.  This will cover the type of testing also why this testing is important.
[bookmark: _Toc98871382]Objectives 
The objective will be to test a Honda vtec engine on an ebb engine dynamometer.  The data will then be recorded and manipulated inside MATLAB to make the data presentable.  This will then be used to explain what is happening in the engine at various times.


[bookmark: _Toc98871383]Literature Review
There are three main types of engine dynamometer are a friction brake, a water dyno, and an ebb flow dyno.  These all work with the same principle but with different levels of acracy.  

The friction brake dyno is the oldest method of testing that is available.  The way that this style of dyno works is that a fly wheel would be attached to the output shaft on the engine.  This in turn would then have a frictional interaction with the measuring device, such as a rope with weight on it.  When the engine is spinning it would then either increase or decrease the load on the rope, along with the diameter of the fly wheel the toque of the engine could be found.  This method is rarely used any more due to the inaccurate reading that it produces, this is due to the coefficient of friction on the two materials cannot keep up with high levels of toque or speed (RPM).  

An improvement on the friction brake is the water dyno.  This works much the same as the friction dyno but with the difference in that the fly wheel is suspended in a drum of water.  There is a balance arm that extends out from the fly wheel, this has a counterweight on the one side and the measuring apparatus on the other side.  The advantages of this type over the friction dyno are the ability to add an adjustable load to the engine by adjusting the amount of water is in the fly wheel chamber.  This along with a much more accurate reading.  The downside to this style of dyno is the fact that it is still a mechanical interaction.  This means that there is still wear, and the reading will drift out of calibration.  But it is hard to tell when maintenance is needed and how much drift the apparatus is reading (Wikipedia, 2009).  

The final method is the Eddy flow dyno.  This method uses the use of eddy current.  This places a steel flywheel inside an arrangement of electromagnets.  When the flywheel is spinning the electromagnets produce a current, this will then turn a measuring arm.  A current can also be put through the electromagnets to increase the load on the engine.  This is the preferred method with modern practices due to the acracy that can be gained and the control over the entire system that can be gained with computer aids.  



[bookmark: _Toc98871384]Methodology
The engine that is used is an early 2000’s Honda 1.6 Vtec engine from a Jazz this is connected to an eddy flow dyno.  The rig enables control over nearly all aspects of the engine running.  The only area that is not controllable the set-up used is the air temperature and pressure.  This is due to the lack of an atmosphere control unit.  The temperature and pressure used will be local temperature and pressure due to the lack of such a unit.  The flow rate of fuel is captured in this set up so the litters per 45 seconds can be accurately measured (UWTSD, 2022).  


[bookmark: _Toc98871385]Discussion 
Using the data provided for the investigation along side the video of the data capture and rig.  There are some areas of interest that can be drawn upon.  

The way that the engine behaves under load shown in figure 1 shows that the toque output of the engine increases very sharply and then falls at a gradual rate with the increase in RPM.  The reason for this is because this is a natural aspirated engine. The toque peak is due to the maximum volumetric efficiency, this is where the engine is pulling in as much air as I possibly can.  After the peak the engine is spinning too fast for the intake of air to keep up and forces a drop of in toque.  A turbo can help with this problem, but it only extends the peak before even a turbo can’t keep up with engine speeds.  
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[bookmark: _Toc98871387]Figure 1 Graph showing Toque and Power at different RPM while under 100% Load
The power out put has a mostly smooth increase along side the RPM of the engine this is due to the inertia forces acting inside the engine.  Once these parts are in motion it requires less force to keep them in motion than it would to stop them.  

Figure 2 shows the BMEP and the thermal efficiency at various RPM, this is calculated using a calorific vale of 45000kj/kg (BYJUS, 2020).  This is gained as the recognised value for petrol.  From this it can be shown that the most thermal efficient burn point is at 4500RPM.  This means that at all other RPM the engine is wasting more fuel to heat in the combustion chamber and losing potential power.  
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[bookmark: _Toc98871388]Figure 2 Graph showing BMEP and Thermal Efficiency at different RPM under 100% Load

Specific fuel consumption 
An important factor to engine development is SFC “specific fuel consumption”.  The value that has been used for the specific gravity for petrol is 0.71, this is due to the variation that can take place.  So a mean gravity was used as the value can change from 0.68 up to 0.74 (SMD Fluid Controls, 2022).  Depending on what the application of the engine is to be used for will alter where the best SFC is.  In the development of an engine for sport performance applications the best SFC value would be desirable at higher RPM and with a slightly higher load.  Since most of the time the engine will be under load at a high RPM to gain a competitive edge.  On the other end of the scale, an engine designed to be in an efficient family car, will be designed with a SFC point at lower RPM and less load.  From the data shown in figure 3 the engine would have been developed a more of a family-oriented vehicle at the SFC is at 2250 RPM and 40% load.  This could be described as a cruising speed along flat ground.  While the worst SFC is at 6500RPM and 2% load, this would be going down a steep hill with the throttle full open.  
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[bookmark: _Toc98871389]Figure 3 2D Heatmap showing SFC

Figure 4 is a surf graph showing the variations of pressure inside the combustion chamber through a full combustion cycle.  As it can be seen the lowest pressure inside the chamber is at 253° past TDC and at 1000RPM.  This is towards the end of the exhaust stroke, at this time the exhaust valves will be open and will be shortly closing. With the possibility of some slight value overlap the inlet valves this would mean that both inlet and outlet would be open, reducing the amount of pressure inside the combustion chamber.  The max amount of pressure is generated at 33° past TDC at 3500RPM.  At this position this would be when the combustion process is under way just after it has gotten to full stroke.  This means that the pressure has been built to its maximum by mechanical means and has now been combusted causing a quick expansion of gasses increasing the pressure even higher.  The maximum pressure in the combustion chamber is 80.4837bar, but this pressure is only obtained for a moment, and as such when designing a piston chamber, it needs to withstand this pressure but it needs to be able to operate with a mean pressure of 18.4977 to 35.7113 bar during the combustion process.  
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[bookmark: _Toc98871390]Figure 4 3D Surf graph showing the Piston Pressure in a full 4-stroke cycle at different RPM
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