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Introduction
The crankshaft of engine rotates and a four stroke cycle occurs across the cylinders, converting chemical energy to heat and kinetic energy, how this cycle is conducted can determine how the engine performs and hence change the characteristics of the car. An engine dynamometer (dyno) can be used to measure changes in engine dynamics as it travels through its RPM range during the four stroke cycle. The focus of this assignment is to use the data gathered during engine dyno testing to calculate certain engine characteristics to gain a more thorough understanding of engine performance. The aim is to find and calculate parameters such as : Load on the engine, Fuel Flow Rate, Air-Fuel Ratio, Power, Torque, Fuel consumption, Mean Effective Pressure, Efficiency etc. These can be extremely helpful for locating where an engine needs to be improved or tuned in order to function for its intended use. 

Testing
The Petrol powered 1.6L Honda VTEC engine is connected to a Schenck WS230 engine dynamometer via a drive shaft bolted directly to the engines crankshaft. This dyno has a maximum speed of 10,000RPM and maximum load of 230kW As the engine is not situated in the vehicle it is fed air and fuel through various systems in the room.  The core of the dyno spins as the crankshaft rotates and a current is applied to the outer casing creating an Electromagnetic Force which opposes the rotation of the core. Due to this, the outer casing experiences a rotational force which is measured and fed to the computer software via a strain gauge.
Fuel, housed in a secure fuel safe away from the engine, is pumped to a fuel supply board which is fitted with a swirl pot, flow meters and fuel pumps. This transfers fuel into the engine at a steady rate to effectively monitor fuel flow for efficiency calculations. The throttle and load applied to the engine can be controlled manually via dials in the control room or can be controlled by a test sequence which alters the throttle and load based on preset parameters which is more accurate.
The test is conducted indoors therefore safety measures from emissions and heat is very important. The engine is fitted with an exhaust extraction system which prevents harmful gasses escaping into the rooms atmosphere. The engine is also fitted with a coolant temperature sensor which can trigger warnings and activate a shutdown if the temperature reaches a certain threshold which may be deemed dangerous to the engine or people conducting the test.


Raw data
Engine Dyno Calc.xlsxFixed data 
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Calculations 
Taken from Handout 1 (Abi Summeerfield, 2019)
Input energy (kJ/s) = Fuel Flow rate*Calorific Value of Petrol
Torque (Nm) = Radius*Load
Measured Power ‘MP’ (kW ) = ((2PI*Dyno Speed*Torque)/60)/1000
Corrected Power (kW) = MP*(1.01325*Ambient Pressure)*                                  SQRT(Ambient temperature/293)
Specific fuel consumption ‘SFC’ (kg/kWh) = (Fuel Flow Rate*0.75*60)/MP 
Indicated Mean Effective Pressure ‘IMEP’ (kPa) = 
	P=(MEP*Stroke*Piston Area*Dyno Speed*n)/(60*2)
	MEP = (P*120)/( Stroke* Piston Area * Dyno Speed *no of cylinders)
	IMEP = (MP*120)/( Stroke* Piston Area * Dyno Speed*4)
Break Mean Effective Pressure ‘BMEP’ (kPa) = (2PI*Torque*2)/Engine Displacement  (mechcontent, no date)
Overall Thermal Efficiency ‘OTE’ (%) = (MP/Input energy)*100
Mechanical Efficiency ‘ME’ (%) = (BMEP/IMEP)*100
Brake Power ‘BP’ (kW) = (ME/100)*MP 
Evaluation 
Specific Fuel Consumption (SFC)
An engines efficiency is closely related to its specific fuel consumption which is the mass of fuel burned per amount of power produced per hour. This can help to decide on how an engine is chosen or its intended use as SFC and how it is applied over the RPM range can change drastically due to operating conditions, engine design and fuel type (Fuel Consumption, no date).
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In the first 1000 RPM, the SFC decreases as there is a drastic increase in power as high torque is required for towing and hill climbs at low RPM. After 2000RPM, the SFC is positively correlated with the engine speed as the engine becomes less efficient since there is less time for the four stroke cycle to be completed and the ignition in the cylinder has less time. The engine also experiences larger frictional forces as the RPM increases so the fuel flow increases yet power begins to plateau due to these forces therefore more fuel is required to increase engine speed. The data gathered generally follows the expected curve observed in other experiments involving SFC analysis (Irawan, et al, 2021)
Torque 
Torque in a vehicle contributes to many characteristics such as climbing ability, efficiency, acceleration etc. Torque can be described as the strength of the engine and is the rotational force produced. This can be vital in how we design and tune engines based on the type of car the engine is being used in. High torque is often favoured in large off-road vehicles and vehicles designed for carrying heavy loads like trucks and vans.
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Torque is relatively stable throughout the RPM range, it initially rises gradually as the engine becomes more efficient as there as the time of overlap of the exhaust valve closing and inlet valve opening decreases therefore reducing the possibility of exhaust gasses escaping, causing blowback which would reduce engine efficiency. Torque then slowly begins to decrease as the engine experiences more frictional forces and the vehicles air resistance increases as it gains velocity. This same variation can be observed in other studies where Torque and Engine Speed have been noted (Liu et. al, 2008). Certain engine configurations and camshaft designs along with gearing can be used to mitigate the torque loss at high RPM’s (automotiveitnews, 2024). 


Brake Power 
The brake power is a representation of the engines usable power to move a vehicle after frictional losses. It is a important for vehicle performance and is a metric for how quickly the engine can use its torque so often is responsible for acceleration and has a large impact on top speed. 
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As seen in the calculations in the Raw Data chapter, the variation in power is dependent on the product of Torque and Engine speed (N*T). From 1000-4600 RPM, the Brake Power increases fairly linearly. This positive relationship is due to the little variation in torque as RPM progresses through this range. From 4600 RPM onwards, the power plateaus and begins to decrease as the drop in Torque outweighs the climbing RPM. When comparing the data with that gathered during an analysis of diesel engines gathered at University of Malaya (Kalam et.al, 2008), similar results can be seen.

Conclusion 
The characteristics of an engine are closely related meaning changing certain aspects of an engine can inadvertently affect others. This is the reason thorough engine testing is an important part of the automotive industry and why engine design is often a meticulous process. The timing of the valves in the four stroke cycle not only prevent collisions between the valves and pistons but is vital for the performance, as the engine speed increases, the overlap in the exhaust valve closing and inlet valve opening becomes shorter, preventing exhaust gasses escaping through the inlet, therefore the air-fuel mixture (lambda) becomes closer to 1 (optimal air-fuel ratio). This increases OTE as the torque produced by the engine increases at a relative faster rate compared with the input energy. This rise in torque is also responsible for the rise in MP and BP. Although, after roughly 2500 RPM, load produced by the engine decreases as the optimum RPM is surpassed and the time for the engine to complete the four stroke cycle becomes less sufficient. This is shown to impact the Torque, OTE, BMEP and SFC of the engine but the Power continues to increase as the growing engine speed counteracts the loss of torque until later in the RPM range. After comparison with other experiments on ICE engines, I am confident that my calculations are accurate and reproducible and correctly represent the engines performance. If I were to conduct the test, I would gain a deeper understanding of the software how the data is gathered represent and the process involved in running the engine during the test.
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