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[bookmark: _Toc99907461]Introduction 
A dynamometer is a device that can be used to measure an engine’s torque output through the RPM range (Lish, 2015). This report will analyse data from an engine dynamometer, which can take more accurate and repeatable readings when compared to a chassis dyno (MotorTrend, 2022). This is due to the frictional losses caused by the transmission and drivetrain between the engine and measuring equipment on a chassis dyno. An engine dyno is a very powerful tool that can be used to optimise engines and collect quantifiable data that can be used to assess the impact of performance modifications (Kaleemuddin, Shaikh and Bhattacharya, 2011).
[bookmark: _Toc99907462]Aims
This report will investigate how an engine’s efficiency, power and torque output react to load and vary through the RPM range.
[bookmark: _Toc99907463]Objectives
To use MATLAB to interpret data collected by an engine Dynamometer, producing graphs for specific fuel consumption, power and torque, thermal efficiency, and cylinder pressures. Conclusions can be drawn from these graphs finding relationships between the variables and suggesting reasons using research.
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[bookmark: _Toc99907465]Equipment used
· Shenck WS230 engine dynamometer
· 2001 Honda 1.6 VTEC D16 engine
· Sensor recording module
· Exhaust extraction system
[bookmark: _Toc99907466]Experimental Procedure 
This report analyses provided data; the following is an overview of the equipment used and how said data may be collected. 
The dyno used is of the Eddie current variety; this uses a current to produce an electromagnetic force that resists the engine’s rotation.
The engine’s crankshaft is connected directly to the dynamometer using a driveshaft; the dyno needs calibrating using calibration weights a known distance from the centre of rotation. This rotation is restricted using a strain gauge to measure the force accurately. 
The engine is self-contained. Fuel is delivered via a fuel supply board, and exhaust gasses are dealt with safely using an extraction system. This particular engine is fitted with a modified air filter and exhaust, so some readings are not what would usually be expected.
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Description automatically generated]Torque and Power through the RPM rangeGraph 1 - Showing the relationship between RPM, torque and power


This graph shows how the torque and power output varies through the RPM range while at full load. The torque value is the force felt by the strain gauge on the dynamometer. At low RPM, the torque and power values are small because little work is being done, and a relatively small amount of fuel and air is being drawn into the cylinder due to the low velocity (Torque and Power, 2022). As RPM increases, more air and fuel can be delivered to the combustion chamber; due to the increased volumetric efficiency (VE), this engine has a peak VE at 3000RPM. VE is the measure of the engine’s ‘breathability’; this is influenced by multiple factors such as the inlet system, porting and exhaust system (Brady, 2013). The power continues to rise after torque drops off because power is a function of torque, and the increased RPM makes up for the reduced force.
[bookmark: _Toc99907469]BMEP and thermal efficiency through the RPM range
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Description automatically generated]Graph 2 - Showing the relationship between BMEP, thermal efficiency and RPM


An engine’s thermal efficiency is its ability to convert the energy stored in fuel into useful mechanical energy. A low thermal efficiency results in more energy wasted in the form of heat (Rentar,2022). Brake mean effective pressure (BMEP) is the average pressure in the cylinder for any given power output (Resler, 1983). At low RPM, the BMEP is highest, as the expansion forces are acting against the engine’s inertia. BMEP reduces at higher RPM partly due to the reduced inertia; another factor is that due to the increased piston speed, the negative pressure on the induction stroke averages out to lower pressure. The thermal efficiency peaks at around 3500 RPM. This is close to the peak torque RPM; at high RPM, the thermal efficiency, like torque, decreases due to reduced volumetric efficiency and increased friction within the engine due to the higher loads. At low RPM, the thermal efficiency is reduced due to the increased turbulence in the intake system caused by the small opening around the throttle butterfly.




[bookmark: _Toc99907470]Specific fuel consumption
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Description automatically generated]Figure 1 - heatmap showing SFC through the rpm range


The Collins dictionary defines specific fuel consumption as the amount of fuel consumed per unit of power; this gives an accurate idea of actual efficiency. While some aspects of this heatmap show the data that would be expected, such as the worst SFC being at high RPM with no load, overall, the figure seems untrustworthy. More fluctuation at the mid load and RPM range would typically be expected. This is likely due to an error in the MATLAB script.
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This 3D graph shows how the pressure at any given crank angle changes in the combustion chamber through the RPM range.  As can be seen in the graph, the pressure peaks just after top dead centre; this is what is expected as the pressure caused by a combustion event is extreme. At around 50˚ before top dead centre there is a false peak; the compression of the charge causes this; the dip before peak pressure is caused by the piston starting to move down the cylinder. 







[bookmark: _Toc99907472]Conclusions
This report investigated how an engine’s efficiency, power and torque output react to load and vary through the RPM range, while some aspects of the investigation were unsuccessful, some relationships were observed. Peak torque is at around 3000 rpm, the mid rev range, this is also where peak efficiency is found; at 30%, this engine is average for a road-going car. While peak power is located at 6000 RPM, efficiency is at its lowest. 
[bookmark: _Toc99907473]
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