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[bookmark: _Toc130742929]Introduction
This report will be looking at set data from the Eddy-current dynamometer W series. The report will look at three sets of data compared against each other in the format of SFC (specific fuel consumption) against engine speed, torque against engine speed and (BP) break power against engine speed. This is to look at the variations of consumption of fuel, power, and torque in the different RPM ranges.   
[bookmark: _Toc130742930]Testing equipment 
· Dynamometer
· Weighted arm 
· Steel weighted blocks to calibrate 
· Computer control module  
· 1.6L Honda vtec from 2000-2001 d16 model 
· Sensor recording modules 
· Exhaust extraction system
· Fuel supply board
· Lift pump
· Fuel safe/fuel tank
· Fuel flow meter
· Fuel regulator
· Cooling plate 
· Secondary fuel pot 
· Custom air filter 
· Rudimentary extraction pipe and alternative silencer 
· Lambda sensor
· Throttle actuator box 
· Drive shaft 
· Crank shaft 
· Calibration arms 
[bookmark: _Toc130742931]Method 
The dynamometer cell consists of a dynamometer, an attached engine, sensor recorder modules, an exhaust extraction system, and a fuel supply board. The fuel supply board pumps fuel from a main tank through a filter and a fuel flow meter to a secondary swirl pot, which then feeds the main fuel pump, which is connected to the engine via a regulator. The engine is a Honda 1.6 VTEC from around 2000-2001 and is connected to the dynamometer by a drive shaft. The dynamometer is a Shank W230 and is limited to 10,000 rpm and a maximum load of 230 kilowatts. It is an eddy current dyno, where the inner core spins freely, and the outer casing is fed by a current that produces an electromagnetic field, which puts a load on the engine trying to slow it down. The strain gauge sends a signal between 0 and 10 volts to the computer system within the control cell. The computer system logs the results and extrapolates them. Torque is measured in newton meters and is calculated by multiplying the kilograms by the weight. The electromagnetic current can be varied to put more or less load, which will produce more or less torque. 






[bookmark: _Toc130742932]Calculations 
Blow in table 1 shows the symbols and units used for the calculations made along with their names.

Table 1
	symbol
	Name 
	Figure/unit 

	R
	Rotational arm length
	1.181577m 

	L
	Stroke length
	0.09m

	Bd
	Bore diameter
	0.075m

	N
	Number of revolutions
	Rpm

	n 
	Number of cylinders
	4

	A
	Area of bore and piston
	0.0044479m

	T
	Engine torque 
	Nm

	P
	Engine power 
	Watts

	Pc
	Calculated power
	Kilowatts

	Pa
	ambient pressure 
	1.0189 Bar

	BMEP
	Break mean effective pressure
	Nm

	FFR
	Fuel flow rate 
	L/min

	Ta
	Ambient temperature 
	300k 

	W
	Engine load 
	N

	ffr
	Fuel flow rate 
	Kg/h

	SFC
	Specific fuel consumption 
	Kg/kWh



















Equations listed in order from 1-8















(Summerfield, 2021)


[bookmark: _Toc130742933]Graphical results 
Figure 1, figure 2 and figure 3 show how three different results placed against each other to give visual representations of the two values and show the changes in their correlation.
[bookmark: _Toc130742934]SFC against Engine speed 













Figure 1 SFC versus RPM 
[bookmark: _Toc130742935]Torque against Engine speed 












Figure 2 Torque versus RPM 

[bookmark: _Toc130742936]Break power against Engine speed 

Figure 3 Break power vs RPM 
[bookmark: _Toc130742937]Analysation 
In figure 1, increasing revolutions per minute (RPM) generally leads to an increase in fuel consumption. The reason for this is that the engine requires more fuel to maintain the higher RPM. This is because the engine's combustion process becomes less efficient at higher RPMs due to factors such as increased friction, increased heat loss, and increased pumping losses. Additionally, higher RPMs typically require the use of lower gears, which can also increase fuel consumption. (Hara, Suga et al. 2009) However, the actual impact on fuel consumption can vary depending on several factors, such as the type of engine, the vehicle's weight, and driving conditions. (Abukhalil, AlMahafzah et al. 2020) For example, a smaller engine with less power may need to rev higher to achieve the same level of performance as a larger engine, which could lead to higher fuel consumption. This can be done by shifting up to higher gears as soon as possible, accelerating gently, and maintaining a steady speed. (Beusen, Broekx et al. 2009)
Figure 2 shows the effect of torque with increased revolutions per minute (RPM) is dependent on the engine's design and characteristics. In general, an increase in RPM can lead to an increase in torque, up to a certain point, after which the torque output may start to decrease. At lower RPMs, an engine may not be able to produce as much torque due to factors such as reduced airflow, lower combustion pressures, and lower fuel delivery rates. (Bardsley, Peters et al. 2011) However, as the RPMs increase, these factors may improve, leading to an increase in torque. However, it's important to note that the relationship between RPM and torque is not necessarily a linear one. In some engines, the torque output may peak at a certain RPM, after which it starts to decline. This is known as the torque peak RPM or the engine's power band. Additionally, other factors can influence the engine's torque output, such as the design of the engine's intake and exhaust systems, the type of fuel injection, and the engine's compression ratio (Thompson 2019). In summary, the effect of torque with increased RPM is complex and depends on several factors. However, in general, an increase in RPM can lead to an increase in torque up to a certain point, after which the torque output may start to decrease
Figure 3 shows brake power, also known as horsepower, is a measure of an engine's power output. The effect of brake power with increased revolutions per minute (RPM) is typically a linear relationship. As RPMs increase, an engine's power output increases, which means that its brake power increases as well (Sang-Gu Choi, Sang-Hun Ryu et al. 2004). This is because an engine's brake power is directly proportional to its RPMs, with a higher RPM resulting in more power output. However, it's important to note that the relationship between RPM and brake power is not necessarily a linear one. In some engines, the power output may peak at a certain RPM, after which it starts to decline. This is known as the power band or the engine's torque peak RPM. Additionally, other factors can also influence an engine's power output, such as the engine's design, compression ratio, fuel injection system, and other performance modifications. In summary, the effect of brake power with increased RPM is typically a linear relationship, with higher RPM resulting in more power output. (Bunker, Franchek et al. 1997) However, the relationship is not necessarily a linear one, and other factors can influence an engine's power output as well.
[bookmark: _Toc130742938]Conclusion 
In conclusion, the dynamometer tests show that the varying rpm shows different characteristics in the engine and its environment increased heat as the engine rotates faster, it generates more heat due to increased friction and combustion. This heat can cause damage to engine components such as pistons, bearings, and valves, leading to reduced engine performance and potential failure. Internally the increased stress and higher RPM also puts more stress on engine components. The faster the engine spins, the more force is exerted on the parts, which can cause them to wear out or break over time. The different types of lubrications used in the engine with the High RPM can cause the oil pump to fail to keep up with the engine's demands, leading to inadequate lubrication of the moving parts. This can cause excessive wear and tear on the engine, reducing its lifespan. Increased fuel consumption: Engines that operate at higher RPM typically consume more fuel than those running at lower RPM. This can lead to increased operating costs and reduced fuel efficiency. In conclusion, increased RPM can have several negative effects on engine performance and longevity, including increased heat and stress, reduced lubrication, and increased fuel consumption. It is important to operate engines within their recommended RPM range to avoid these problems and maintain optimal performance.





[bookmark: _Toc130742939]Evaluation 
The temperature of the engine or dynamometer can affect the accuracy of the measurements. High temperatures can cause the engine to produce more power, while low temperatures can result in decreased power output. Temperature changes can also affect the load cell or brake system, altering the amount of resistance applied to the engine. This could be taken into consideration when setting up the environment for the dyno. Calibration of the dynamometer could be done and calibrated and tested before each dyno run. Any deviations in calibration can result in inaccurate results, potentially leading to incorrect conclusions about the engine's performance. Maintenance of the dynamometer is crucial to ensure accurate measurements. Worn or damaged parts can affect the load cell or brake system's performance, potentially altering the resistance applied to the engine.
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Torque versus RPM
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Break Power (BP) versus RPM
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