5.0
Propulsion

This is the first year the University of Cincinnati has entered into the Open Class competition, which allows some additional leeway in the propulsion design.  The open class allows choice of any engine 0.91 cubic inches or smaller, as well as the option to use multiple engines, reduction drives, and tuned exhaust systems.  The larger engines provide significantly more power and allow for larger props, greater thrust, and higher takeoff speeds than the Regular class.
5.1
Design Selections

The engine chosen was a 2-stroke 0.90 in3 engine from Jett Engineering.  Initially, the design had called for a large 26” diameter propeller, with a 2.3:1 belt reduction drive, however several factors caused a reversion back to a more standard direct drive configuration. The reduction drive provided nearly 50% greater thrust than the initial direct drive configuration, resulting in higher takeoff velocity and lower wing size.  The wing weight decreases proportional to the reduction in wing size; however the propulsion system weight increases, and the landing gear have to be lengthened and strengthened to account for the larger diameter propeller.  Furthermore, the reduction drive would significantly complicate the design, as well as create a likely point of failure in the aircraft.  The weight savings were deemed too small to necessitate the difficulty of designing and building a custom belt drive.

5.2
Engine Model


The initial model was based off a prediction of the engine running at 3.2hp at 14000rpm.  The power curve for the engine is estimated using that point, and the assumption that the engine will have approximately 50% higher torque when starting.  Using the piston dimensions given by the manufacturer, the power curve was reduced to the effective brake pressure of the engine.  This allowed altitude corrections to be added to the model.

While the idea for a custom belt drive was dropped due to complexity, a custom tuned exhaust pipe can relatively easily increase engine performance over a desired range.  A tuned exhaust pipe on a 2-stroke engine is a passive analogue to a mechanized compressor used on a 4-stroke engine.  The pressure wave of exhaust is reflected off the far end of the pipe and reaches the piston just before the exhaust port closes to increase the gas density inside the piston.  Over a short range of RPM, additional fuel and air is combusted in the piston, resulting in a boost in power.  The tuned pipe was simulated by the engine model by applying a band-pass filter to the brake pressure curve, and then adding that back to the brake pressure.
5.3 Propeller Model
The propeller was estimated by using a representative airfoil model developed by Von Mises ref xxx  
5.4
Model Tuning

The engine was mounted on a torque stand and torque values at numberous rpms were measured.  The exhaust pipe used was a 13cc tuned pipe from Macs Products, and was set to approximately 22.5” from the exhaust port to the throat of the convergent section at the end of the pipe.  This comes to a tuned RPM of 10500.  Using the data from this test, the engine model was correlated to match the engine.
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Figure 5.1





Figure 5.2
The peak power was generated at the point previously mentioned as the tuned RPM.  The propeller to achieve this was a glass-filled nylon 15x8 K series propeller from Master Airscrew.  This propeller was tested on a thrust stand and the engine was throttled to obtain a thrust curve for that propeller to adapt the propeller model to.  The only change required was adjusting the area fraction as the propeller has wider than standard blades for higher efficiency at lower RPMs.
The propeller suffered from aeroelastic twist, resulting in an effective pitch of roughly 7.4”, rather than the advertised 8”.  This turned out to be advantageous, as it provided additional RPM and additional thrust, while keeping the tip velocity within a reasonable range.  Dropping to a 15x6 propeller and adjusting the tuning pipe accordingly would have resulted in too high rotational speed, and would have caused the propeller tip to hit transonic speeds while the aircraft was flying.
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Figure 5.3
5.5
Propulsion System Output


The two models were combined using the generated power at a given RPM.  Doing so provided the RPM that the engine could turn the propeller at while running at full throttle.  The tip velocity was a concern for this design.  Large diameter, low pitch propellers provide the highest thrust, however they also run into noise and vibration issues as they reach transonic speeds and start generating transient shock waves.  At 130fps, the propeller only reaches 0.77 Mach at the tip, so this should not be an issue.
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Figure 5.4





Figure 5.5

Because of the nature of the tuned pipe, the propeller actually increases thrust slightly between static and 20fps.  Thrust tapers off to approximately to 7lbs at 130fps.
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Figure 5.6












