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[bookmark: _Toc98276919]Introduction
Dynamometers provide torque, power, emissions and rotational data, they can do full testing and specific testing to find the optimum performance values of an engine. (IQS Directory, 2022) An engine dynamometer is considered a 100% accurate machine, it uses the reaction forces measured from the frictional losses and transmits these reaction forces into the measuring chain. (Killedar, 2012, p.37)
The advantages of dynamometers can be seen with the ability to quickly run tests on engines with the potential of using over 2000 different available sensors to find certain data sets in order to locate areas to improve the running characteristics and emissions output of the engine.
The engine tested was a turbocharged gasoline engine, this is important as the induction is forced creating higher pressures.
[bookmark: _Toc98276920]Aims
The aim of this report is to discuss the MatLab calculations using data from an engine test from an engine dynamometer, analysing and evaluating the results gained to investigate engine concepts.
This report links to the engineering industry as engineers must be able to interpret and analyse data provided or calculated using software.
[bookmark: _Toc98276921]Researched values
The specific gravity of fuel is 0.75g/cm^3 (Costa & Santos, 2019)
Calorific Value of petrol is 42,900J/kg (Patel and Shadangi, 2019)


[bookmark: _Toc98276922]Methodology
[bookmark: _Toc98276923]Set-up
The engine is self-contained on the rig, the throttle is controlled using the throttle actuator box, this measures the throttle position. The engine is connected to the dynamometer via a driveshaft bolted onto the crankshaft, the dynamometer model is SCHENCK WS230. The distance from pivot to hook eye = 815.776mm, mass is added to the hook eye which allows a torque to be calculated. The mass tries to spin the outer casing of the dynamometer which pulls on the string gauge that sends a signal of a voltage.
[bookmark: _Toc98276924]Operation
There are four different ways of testing the engine, manual operation, test sequencing, step testing and sweep testing. 
[bookmark: _Toc98276925]Manual operation
Manual operation, requires the use of two dials; engine and dynamometer. The engine dial controls the rpm and the dynamometer dial controls the amount of current going to the dynamometer which creates an electric field to slow the engine down producing torque which is graphed.
[bookmark: _Toc98276926]Test sequencing
Test sequencing allows the system to run itself, a test manager is filled in manually with the characteristics the engine is required to experience and the system carries out steps in sequence to create graphs and find results. The test sequencing can carry out thousands of steps in a test and the tests can be looped.
[bookmark: _Toc98276927]Step testing
Step testing creates an environment where a specific area of engine operation can be targeted. If an area of concern is at for example 2000 rpm, conditions can be set up to perform a cycle at a target rpm which includes 2000 rpm. The dynamometer controls the speed, and the torque required to hold the engine at a certain rpm can be found.
[bookmark: _Toc98276928]Sweep testing
Sweep testing, this is where the system takes measurements of torque at rpm intervals which are set by the operator in a pre-determined rpm range. The sweep test measures the power and torque when the dynamometer controls the speed.
[bookmark: _Toc98276929]Combined results and analysis
[bookmark: _Toc98276930]Specific fuel consumption
[image: ]
Low load engine conditions allow cerium oxide particles to be freely distributed in the fuel, therefore there is a greater accumulation of oxygen particles around these particles, this creates better conditions for combustion in turn improving the specific fuel consumption. Iron chloride particles are also evenly distributed in the fuel which is injected into the cylinder, that acts as heat generators beginning the combustion process. (Tkaczyk et al., 2021)
Engine speed affects SFC as at open (high) throttle positions the flame propagation speed of combustion decreases. When the engine is operating at high speed, the fuel mixture is made richer to counteract the slower combustion process. (Huynh, Le and Duong., 2019) SFC is best at 40% load, it is not better at higher loads because of frictional losses from side loading.
[bookmark: _Toc98276931]Torque & power
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Fuel supply, as mentioned previously, increases when the engine is operating at higher speeds, test results show when the fuel supply is higher the engine produces more power. Power increases along with RPM but also with torque, so when the torque decreases after the 3000rpm mark, this is where the volumetric efficiency is at its maximum and the engine is drawing in the most air it can, filling the cylinder for an exhaust stroke. (Brady, 2004) At high engine speeds, frictional loss and decreased intake stroke time cause the cylinder to not fully charge, these conditions cause a reduction in volumetric efficiency and engine torque. (Seifi et al., 2016) Power continues to increase after torque reaches its maximum because the engine speed continues to increase.
[bookmark: _Toc98276932]BMEP & thermal efficiency
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As the intake pressure increases so too does the BMEP. (Pahmi et al., 2019) The intake pressure is at its highest between 2000-4000rpm therefore the BMEP is at its maximum in this range too. A turbocharger increases air density entering the cylinders which raises the mass at the inlet valve closure, in turn, burning more fuel and raising the BMEP and power. (Watson, 1988) This is why the results show the BMEP has a steep incline until a peak at 3000rpm, at this point no more air can be forced into the cylinder therefore the pressure cannot be increased further.
[bookmark: bau005]Brake thermal efficiency (BTE) increases with engine speed due to exhaust gas energy being higher. High engine speeds don’t necessarily mean a change in BTE however, and engine load has a more significant affect with higher loads producing higher thermal efficiency. (Luo & Sun, 2018) 
[bookmark: _Toc98276933]3D plot of cylinder pressure across all RPM’s & crank angles
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It can be said that Cylinder pressure is one of the most useful variables to measure for engine diagnosis, it shows what is happening in the combustion chamber. (Bizon et al, 2014)
The crank angle shows the position of the piston, as the piston reaches TDC on an ignition stroke the pressure increases, this is experienced at all engine RPM. The high pressure seen on an ignition stroke is due to the combustion event which takes place, the piston is compressing the gas inside the cylinder whilst air/fuel mixture is being sprayed into the combustion chamber, this creates a spark and the pressure acts against the piston trying to push it back to BDC. (Ramalingam & Rajendran, 2019)
[bookmark: bau0010]Engine speed has less of an effect on the pressure in the cylinder, it is lower during the warm-up phase of the engine and also at idle rpm range, this is because the spark duration is much shorter when idling and warming up meaning not as much air is brought into the combustion chamber, as the vacuum that draws in air isn’t as powerful as when the engine is at higher rpm. (Efthymiou et al, 2013)
[bookmark: _Toc98276934]Conclusions
Testing limitations
The sweep test is limited as it doesn’t pause the dynamometer at each RPM, therefore the dynamometer is trying to catch up on itself for the whole test giving results which aren’t as accurate as other testing processes, such as step testing. However, sweep testing has less likelihood of overheating the engine.
Evaluation
Torque is highest at the maximum engine load; torque is calculated using engine load multiplied by arm length, therefore torque is proportional to load. Power increases along with the engine speed and torque as both variables are proportional to power.
The results gained show a multitude of factors affect each area of the engine, finding power, torque or pressure improvements relies on discovering the best compromise. The results also prove engine dynamometers are machines capable of providing data to create graphs of all varieties given the data can be interpreted, should this engine have had any problems they could have been diagnosed without having to disassemble the engine beforehand.
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