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Chapter 1 - Introduction
The aim of this technical report is to investigate and analyse dynamometer data of a 1590cc (1.6L) petrol 4-stroke, 4-cylinder, naturally aspirated Honda D16 engine. This engine is designed for small, efficient road cars and is a suitable platform for investigating the fundamental behaviour of an internal combustion engine. Through a controlled dynamometer test, key performance data can be gathered and calculated, such as torque, brake power, specific fuel consumption and thermal efficiency.

Chapter 2 – Results
 The dynamometer test provided four key data points: Load (N), Engine Speed (rpm), Fuel Flow Rate (L/min) and Lambda. Using this data, as well as the length of the torque arm (0.815776m) and atmospheric data, a range of other important engine performance parameters could be calculated.
Torque (Nm):
The torque of the engine throughout the range of engine speeds can be calculated by multiplying the load values for each of the engine speed intervals by the length of the torque arm.
Power (kW and hp):
The power of the engine in kilowatts can be determined by multiplying each of the torque values by its respective engine speed (converted to radians per second). This can be converted into horsepower by multiplying by 1.341.
Corrected Power (kW):
The corrected power can be calculated by accounting for the ambient temperature and air pressure, using the equation  where P is pressure and T is temperature.
Specific Fuel Consumption (kg/kWh):
The SFC can be calculated by first calculating the rate at which the engine uses a mass of fuel (in kg/h). This is done by multiplying the fuel flow rate by the density of fuel (~0.75kg/L) and 60. This can then be divided by the power to achieve SFC.
Brake Mean Effective Pressure (Bar):
The BMEP (in Bar) can be calculated using the equation  .
Thermal Efficiency (%):
The thermal efficiency can be calculated by dividing the inverse of SFC by the calorific value of petrol in kWh/kg – 44 MJ/3600000. Multiplying this number by 100 gives the percentage value of thermal efficiency.

Chapter 3 – Data Analysis
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Above is a graph of torque against engine speed. It is largely as expected for a small naturally aspirated engine, peaking in the middle and tapering off at high RPMs.
At low piston speeds, volumetric efficiency is low. This means that despite having plenty of time to fill, the cylinder is not appropriately filling with air due to low air speed caused by the vacuum created when the piston is on the induction stroke. If there is less air in the cylinder, less fuel can be injected and thus there is less pressure pushing the piston back down after combustion. Less pressure on the piston means lower torque.
The middle of the range produces the most torque because volumetric efficiency is high. This is because the piston moves down quicker on the induction stroke, creating a greater vacuum in the cylinder, thus causing air to rush in quickly and fill the cylinder more. Because of this, more fuel can be injected, meaning a more powerful combustion and higher cylinder pressures, creating more torque.
At the top of the range, the torque tapers off due to there being little time for the air to rush into the cylinder, despite the vacuum being the greatest due to a fast piston speed. This causes a drop in volumetric efficiency, and therefore a smaller combustion event and less torque.
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Above is a graph of engine brake power against engine speed. Again, it is as expected for a small naturally aspirated engine, starting low and peaking at high RPMs, tapering off slightly at the top.
Engine power can be calculated as the torque multiplied by the engine speed. Therefore, the power at lower engine speeds is expected to be low. This is because torque is not particularly high, so multiplying two low values will output a low value.
As the engine speed increases through the middle of the range, power steadily increases too. This is caused by high torque values multiplied by higher engine speeds, leading to a greater power figure.
At the top of the range, it peaks and tapers off differently to the torque graph. This is due to the torque tapering off, but the engine speed remaining high, giving the graph more of a positive gradient overall. The taper is caused by high-RPM torque loss eventually overcoming the increase in engine speed.
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Above is a graph of specific fuel consumption (SFC) against engine speed. SFC is defined as the fuel consumption of an engine per unit of power. High SFC is worse than low SFC, as maximum power from minimum fuel is desirable, especially for road cars, such as the one this engine is from.
The high SFC at low engine speed is caused by a number of factors. The engine is making its lowest power in the range. Also, due to low air speeds caused by the smaller vacuum on induction, the mixture of air and fuel is not optimal meaning the combustion event is not as efficient.
The SFC quickly drops off and rises slowly in the midrange. This is the ideal range of engine speeds for fuel economy (such as for a road car). Here, the volumetric efficiency (cylinder filling) is optimal, meaning plenty of air is being sucked in. This air is mixing with the ideal mass of fuel for efficient combustion. The engine is also making moderate power, meaning the SFC is at its lowest.
As the engine reaches high speeds, the SFC rises back up. This is caused by a fall in volumetric efficiency and large frictional losses within the engine. Engines often need richer mixtures (more fuel) at high load and high speeds to avoid pre-detonation, which can cause damage to the engine. At high engine speeds, the power is at its highest, but fuel consumption increases faster.
Using lambda to calculate the air-fuel-ratio, the data shows that the engine burns lean throughout the entire range of engine speeds.

Chapter 4 – Conclusion
In conclusion, the engine showed suitable characteristics for a small road car. Once analysed and corroborated with an understanding of mechanical and thermodynamic engine operations, such a volumetric efficiency, it is clear that the data accurately portrays these characteristics. Many small road cars do not need excessive power or torque, so favouring fuel economy is priority.

Chapter 5 – Evaluation
My performance in this assignment could have been improved by allowing myself more time to complete it and structuring my work time more effectively. I feel the investigation could have been more effective if the dynamometer sessions were able to go ahead, however technical issues prevented this. I also feel that it would be interesting to compare two different engines, instead of just analysing one.
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