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[bookmark: _Toc194136344]Test Aims
An engine dynamometer test is designed to measure an engines performance by analysing its power output and efficiency under certain conditions. It is able to measure horsepower and torque across different RPM ranges. 
We are then able to use the values the dyno gives to us to calculate a multitude of datum, like Specific Fuel Consumption (SFC), Torque, BMEP, Thermal Efficiency and Corrected Power values.
[image: ]Utilising the dyno, we are able to record Air-Fuel Ratios (AFR), which we can use to optimise combustion. With the Brake-Specific Fuel Consumption (bSFC), we can see how efficiently the engine uses fuel.[bookmark: _Toc194150070]Figure 1‑1 A Photo of The Dyno on Campus



[bookmark: _Toc194136345]Experimental Procedure
An engine dyno works by mounting the engine to the test stand, and connecting it to essential systems to simulate real life conditions like fuel, cooling and exhaust. The dyno applies a controlled load to the engine while its running. 
The dyno is attached to engine recorder modules which feed the computers exhaust extraction system and fuel supply board. 
Fuel is pumped via a lift pump from the main tank from the fuel safe, via the filter and is pumped up via a fuel flow meter to a secondary fuel pod. This then feeds the main fuel pump which is fed to the engine through a regulator. If there’s a return system on the fuel it is fed up through a cooling plate and back up into the second fuel pod. This then feeds the engine. The throttle is controlled by the testing computer, and is actuated from the throttle actuator box, which can give us recorded readings of throttle position through the system. The engine is self-contained on the rig and its basic functions are controlled by the sensor modules. The engine is connected to the dynamometer by a driveshaft, bolted straight to the crankshaft. At the other end its bolted to the dynamometer, which means that the RPM of the engine, will be the RPM of the dynamometer. 
The dyno used is an, Eddy current dyno, where the inner core spins freely and is powered by the engine, while the outer casing is fed by current and produces an electromagnetic field and the electromagnetic field applies a load on the engine trying to slow it down. The outer casing’s reaction is to turn but it’s restricted by a strain gauge. The strain gauge sends a voltage to the computer system within the control cell. That is the only thing the dynamometer does. Everything else like RPM and anything coming from the sensors from the engine, enable us to calculate everything else.
The system is calibrated with calibration arms, one on either side in order to neutralise each other, and are designed to be a specific length. A mass is then hung on one end, from which we are able to calculate the torque that is applied around the central axis of the dynamometer. With a mass on the end of the arm, the strain gauge sends a signal to be logged, the computer extrapolates the results, so whatever voltage is produced is equivalent to the torque. 



[bookmark: _Toc194136346][image: ]Spreadsheet ResultsTable 3‑1 Table of Results





[bookmark: _Toc194136347]Graphical Results[bookmark: _Toc194150071]Figure 4‑1 Graph Showing Torque vs Engine Speed

 Torque can vary with engine speed due to several factors related to combustion efficiency, airflow dynamics and mechanical limitations. At low RPM, the intake air velocity is low, which reduces the efficiency of cylinder filling, this causes a reduced amount of torque. As the RPM increases, airflow and fuel combustion become more efficient, which leads the engine providing the maximum amount of torque possible. When the RPM gets even higher, airflow can become turbulent or restricted which leads to a drop in torque. 
Engines with fixed valve timings have an optimal RPM range where intake and exhaust valves open and close at the optimum moments for increased airflow. At different speeds, the resonance effects in the intake and exhaust systems affect how well air enters and exits the cylinders. Also, at different RPM’s the air-fuel ratio and spark timing need to be adjusted for optimal combustion. 	






[bookmark: _Toc194150072]Figure 4‑2 Graph Showing Brake Power vs Engine Speed



Brake power varies with engine RPM due to the relationship between Torque and Speed, also taking into account efficiency factors at different RPMs. The formula for Brake Power is 2π x Torque x RPM / 60. This formula indicates that Brake Power depends on both Torque and RPM. If either value changes, the Brake Power is affected. At very low RPMs, Torque is still building up, therefore Brake Power remains low, combustion efficiency is lower, and airflow is suboptimal. Also, at lower RPMs fuel burn may still be incomplete, which could limit power output. At mid RPM levels, as Torque reaches its peak in this range, Brake Power also reaches its peak. At this point, volumetric efficiency is at its best, which means that the cylinders fill with the ideal air-fuel mix. At high RPMs, Brake Power drops slightly, as Torque starts to decline, Brake Power may still increase, but after a certain RPM, the drop in torque overcomes the gain in speed, leading to a fall in Brake Power.

Specific Fuel Consumption measures how efficiently an engine can convert fuel into useful power. It’s expressed as BSFC=Brake Power (kW) / Fuel Consumption (kg/hr)​. A lower BSFC means an engine is more efficient. At low RPM, fuel combustion is inefficient due to poor cylinder filling. Incomplete burning and heat losses increase fuel consumption per unit power. When RPM increases, it reaches the ideal operating range, where combustion is most efficient. Volumetric efficiency is high, which means the cylinders fill well with the air-fuel mix. The ratio of fuel burned to power produced is at its peak. Once the engine hits higher RPM values, frictional losses increase sharply. This is due to piston rings, bearings and oil resistance. Fuel can burn incompletely as there is less time for combustion. Airflow restrictions reduce volumetric efficiency, requiring more fuel to maintain power.[bookmark: _Toc194150073]Figure 4‑3 Graph Showing SFC vs Engine Speed

 










[bookmark: _Toc194136348]Conclusion
The engine dyno test was completed successfully, demonstrating the engines performance and efficiency under controlled conditions. Key performance metrics, like Brake Power and Torque, met expectations for the engine confirming the engines capability for its intended use. 
From the graphs produced, we are able to see the clear links between RPM variation and the effects that has on the engines Specific Fuel Consumption, Torque and Brake Power. At low RPM, Torque and Brake Power are at their lowest, and in the mid RPM ranges they hit their maximum values as all operating conditions are ideal. At the high RPM ranges, both Torque and Brake Power drop slightly, as airflow is restricted. 
We can also see that the engine is operating throughout the test at around 34-46% efficiency, which shows that the engine is functioning within an ideal window in the circumstances. However, this is not a great reflection of how the engine would perform in a real-world setting, as external factors were controlled when performing our test. 

[bookmark: _Toc194136349]Evaluation
For my personal performance in the task, the calculations were completed well, however as the engine dynamometer was out of commission, we could not execute the experiment. In order to make the experiment go smoother next time, ensuring that the engine dynamometer is in working condition would allow for the procurement of accurate and personal data, compared to the data given.  
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