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[bookmark: _Toc90332083]Introduction 
During this report a discussion will be made on the benefits to Dynamometer testing and the values obtainable to research and develop an internal combustions engine. The benefits of dynamometer testing is firstly the controlled environment in which the engine testing is taken place. This give the opportunity to create different conditions for the engine in which to be tested, for example the environment could be simulated to represent different locations around the world. However, during this dynamometer test there are more advantageous benefits such as the ability to add multiple sensors, such as at the spark plug to measure the pressure in the combustion chamber during operation of the engine. As well as this, there is greater control over fuel delivery as well as the option to modify the fuel delivery system to simulate certain systems, fuel recirculation for example. 
Aims and objectives
The aim of this dynamometer test is to monitor the engine characteristics under varying loads and engine speeds to retrieve analytical data in regard to the pressure (bar) in the combustion chamber, the amount of fuel used during each engine cycle (litres), the force (N) acting on the piston and the actual RPM during operation. From this data calculations can be made to fine Torque, Power, BMEP, Thermal efficiency, Specific fuel consumption (SFC) as well as a range of graphs to represent these relationships. These graphs and analytic results will be obtained by interpreting and calculating the relevant equations using Matrix Laboratory (MATLAB).  



Dynamometer Testing & Methodology
[bookmark: _Toc90332085]Equipment
· Dynamometer 
· Honda 1.6 VTEC Engine 
· Exhaust Extractor
· Fuel delivery board 
· Fuel flow sensor 
· Throttle actuator module 
· Sensor module 
· Strain Gauge 
[image: ]


These are suitable for the task since they measure a high degree of accuracy needed to retrieve the appropriate data for analysis. However, the equipment in question was in Imperial measurements  which can cause some loss of accuracy when converting to the SI units used in calculations and data evaluation graphs. Furthermore, the measuring process of the laboratory sessions allowed room for inaccuracy due to human error. This can be reduced and eliminated by running the laboratory tests and measurements more than once to increase accuracy.
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The dynamometer being used in this analysis of the engine is an Eddy current dynamometer. This type of dynamometer operates by running the rotor between two water cooled plates and, in the process, creates a magnetic field along the m/c axis. As a result, the rotor disrupts the magnetic flux that is contained in the plates that gives eddy currents that are sent through the dynamometer sensors to be interpreted. During operation of the dynamometer, the controller has the control of the engine speed (RPM) via the throttle control actuator and the magnetic field of the dynamometer, used to try and slow the engine down, creating load. Whilst under operation of these two inputs, a range of output data can be retrieved. This data will the be used to calculate the conditions and characteristics of the engine in relation to the speed and loads at that point.
During the operation of the dynamometer, safety precautions must also be undertaken. 
Before running the dynamometer:
· Check the coolant and oil levels are sufficient
· Ensure there are fire extinguishers at the exit points in the event of failure and possible ignition of components

During operation of the dynamometer:
· Wear ear and eye protection at all times
· Continuously monitor the coolant temperature and flow to pre-empt any possible failure
· Continuously monitor the level and flow of oil to pre-empt any seizing
· Ensure the engine is at operating temperature before applying load via the dynamometer
· Never stand in front of the engine.


Discussion
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Figure ‎3.1 - SFC Heatmap
In the figure above is the specific fuel consumption when under varying engine speed (RPM) and engine load (%). Firstly, before interpreting the heatmap itself, an example of when the engine is under high load would be during a decline in which engine braking is occurring as a result of the cylinder pressure (minimal fuel injected) is slowing down the engine. An example of low engine load would be during an incline. This can be seen by the general relationship on the graph above, the lower SFC and greater consumption occurring generally at higher engine load. Furthermore, the greatest SFC occurs at 2250RPM under 40% load. Similarly worse SFC occurs during lower engine load (2-5%), the worst being at 6500RPM at 2% load. This is due to the cylinder valves opening too quickly for an effective amount of fuel to be injected, coupled with the most effective amount of load tested.
Torque & Power
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Figure ‎3.2 - Torque in relation to Engine Speed (RPM)
In the figure above, an obvious observation to be made is that greater torque occurs during a lower RPM (1000-3500) when compared to the engine speed at a higher RPM (3500-6500). This occurs due to many factors; the two main factors are mechanical efficiency and the previously mentioned injection opening time. Mechanical efficiency occurs at higher RPM due to frictional losses between the piston and the cylinder wall. However, the greater loss of torque occurs due to the engines operating speed being so high that the fuel injector on time is stunted. As a result, there is less fuel being injected per induction stroke as a result of the valves opening time being reduced. Due to the reduction in fuel and increase in frictional losses the optimum torque band is at lower RPM.
Brake mean effective pressure (BMEP) & Thermal efficiency
[image: Chart, line chart

Description automatically generated]
Figure ‎3.3 - BMEP & Thermal efficiency relationship with Engine Speed (RPM)
The figure above shows the relationship between BMEP and Thermal efficiency with RPM. As clearly shown, both BMEP and Thermal efficiency rise together up to 2500 RPM. This is due to the volumetric efficiency of the cylinder causing the BMEP to rise and the limited amount of coolant needed to control the operating temperature of the engine. Ads a result as the BMEP rises and maintains a high pressure so does thermal efficiency, only losing a small percentage via frictional losses at the cylinder wall. However, while the BMEP continues to peak at 2500-3000RPM, Thermal efficiency drops to 0.28%. this is due to the loss of volumetric efficiency in this range due to engine speeds and as a result greatly increases the thermal efficiency loss. This thermal efficiency trend changes however and reaches its peak at 4500RPM which is where the engines variable valve technology advances the injection and ignition timing to maintain volumetric and thermal efficiency. 
Cylinder pressure during the operating cycle
[image: Chart, surface chart

Description automatically generated]
Figure ‎3.4 - Relationship between RPM, Cylinder pressure & Crank angle

What can be easily identified when analysing this graph is at what point the fuel ignites and begins the power stroke. This occurs at 0 degrees crank angle. This is due to the interpretation of the pressure at that point, rising due to the temperature of the combustion chamber caused by the culmination of the compression stroke and the heat from the fuel ignition. Another observation is the rise in pressure as the engine speed rises from 1000 RPM to 2000RPM, following the trends of previous figures its at this point the engine starts to operate in the typical pressure range and engine characteristics. However, what differs from the previous figures is the pressure is maintained across all RPM ranges, this would be largely down to the lack of compression deviation in the combustion chamber.


Conclusion
Following the analysis of the resulting graphs in MATLAB, the characteristics of the VTEC engines were made. The graphs helped demonstrate at which point the thermal and volumetric efficiency of this engine occurred (around 3000-3500 RPM). However, the graphs also showed at which point the variable valve technology of the engine occurred to counteract these losses in an attempt to maintain the efficiency of the engine.
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