California State Polytechnic University, Pomona
Aerospace Engineering Department

Extra Credit R/C Aircraft Build & Flight Test Project
This document provides guidance, suggestions, and report format criteria for the extra credit R/C aircraft build and flight test project for all sections of the ARO 101 course for Fall 2015.  Information on where to buy your R/C aircraft kits and when and where group build sessions will be held are provided elsewhere.
The overall goal of the flight test experiment is to estimate the level-flight, cruise lift coefficient (CL), Drag Coefficient (CD), and Lift-to-Drag ratio (CL/CD) for the R/C aircraft you will purchase and build.  To accomplish this, each team will measure the time it takes for their aircraft to fly a known distance (measured out beforehand) over several passes, take an average of those times, and use the average time to estimate the aircraft velocity.  You will use that velocity, along with other measurements on the aircraft and estimation of atmospheric air density, to compute the CL and CD per the following equations that we study as part of the class lectures:
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Where:
 = Estimated density of the air the aircraft will fly through.

V = Estimated airspeed of the aircraft during the level, straight flight segments.

SREF = Estimated planform area of the aircraft wing.

A) Measurement you must make while you are building your aircraft:
1) Note from the equations above that you need to somehow estimate the wing planform area of your R/C aircraft.
2) The easiest way to estimate the wing planform area is before you attach the wing to the fuselage during the build process.
3) It is suggested that you lay the complete wing over green engineering paper or other grid paper where you know the size of each square in the grid.  Trace the outline of the wing on the paper and then count the total whole number of squares, including estimating the total area for partial squares.
4) NOTE that you should perform this measurement even if the R/C aircraft kit may tell you what the wing planform area is on the box!


B) Measurements you must make after you have built your aircraft but before you fly:
1) Because LIFT = WEIGHT when flying in a steady, level cruise condition, you will need to weigh your complete aircraft after you have built it.
2) Ensure your flight battery is installed when you weigh your aircraft to ensure you measure the actual, complete flight weight!
3) An accurate scale, which can be zeroed, is available in the thermal fluids laboratory.  This scale should be available as part of the group aircraft building sessions, but if it is not check with Jim Cesari for access to this scale.
4) When weighing the aircraft, I have found the easiest means to get the most accurate weight is to balance the aircraft on its nose on top of the scale while supporting the aircraft on the sides with your hands.  But be careful to NOT exert a downward force on the aircraft with your hands or this will cause an erroneous reading.
5) Because THRUST = DRAG when flying in a steady, level cruise condition, you will need to somehow quantify the amount of thrust, or power, the propeller will produce at any given flight throttle setting.
6) WARNING!  Measuring thrust involves the propeller operating at flight speeds while you restrain the aircraft.  It is recommended you apply the “challenge and respond” test protocol we learned in our wind tunnel experiment, and have ONE, designated test conductor for this measurement to help ensure safety.  Make sure the aircraft is adequately restrained, and ensure both the propeller operating area AND the area in front of the aircraft are clear of people in the event the aircraft were to break lose and fly forward.  You should set up this part of the measurement such that the worst thing that can happen is the aircraft is destroyed or damaged, but no human is injured. THIS IS AN IMPORTANT PART OF LEARNING PROPER AEROSPACE ENGINEERING SAFETY PROTOCOLS!
7)  There are two ways to quantify thrusts, which are described below.  The one thing that both of these methods have in common is that you are going to need to develop a table of thrust (or power) vs. throttle setting.  The R/C controller has a throttle lever which provides a range of distinct thrust settings. Move the throttle lever with the R/C aircraft turned off and you will feel that the throttle lever “clicks” from one setting to another.  Your task, for both methods described below, is to quantify the thrust (in pounds) and/or the power (in Watts) for each “click setting.”  The propeller will not usually begin spinning on the first “click”, so part of your calibration measurements are to identify which “click number” corresponds to when the propeller first begins to spin, at its slowest speed.  Likewise, once the engine has reached its maximum power setting, increasing the number of clicks beyond that will not result in the propeller rotating any faster.  As such, you should also identify which “click number” corresponds to the maximum propeller velocity (max thrust, max power).

a. The first means to measure is by directly measuring thrust force by connecting the R/C aircraft to a force-measuring load cell.  Check with the student assistant for how to hook the aircraft up for this measurement.  Once it is hooked up, follow a “challenge and respond” protocol to determine which click provides first rotation (and measure the thrust), and then move through throttle clicks one at a time, each time pausing to measure and record the thrust at that “click setting” until you reach the maximum thrust setting.

b. The second means to measure is by using a power supply in place of the aircraft battery along with an ammeter/wattmeter in the power circuit to measure the current draw (amps) of the motor and/or measure the total power (Watts) of the motor at each click setting.  Again, check with the student assistant for help in hooking up this measurement device.  The premise behind this measurement approach is that the total power delivered by the motor and propeller must equal the total power achieved by the aircraft in steady, level flight.  Or:  Paircraft = Pmotor+prop.

In the case of the power achieved by the aircraft, this is nothing more than the total drag experienced by the aircraft times its airspeed, or:

Paircraft = Drag * V∞

In the case of the total power delivered by the motor and propeller, this is described as the total power delivered to the motor (Volts x Amps) multiplied by a propeller efficiency factor (prop).  So this equation would then take the form of:

Pmotor+prop =  prop*VDCbattery*Imotor

WHERE:
Imotor is the current draw from the motor at any throttle setting.  This comes from your lab measurements of “current vs. clicks”
VDCbattery is the steady state voltage of your R/C aircraft battery, which can be measured with a voltmeter (should be about 11.5 VDC).  Note that your lab power supply voltage should be set to match your battery voltage!
prop is a non-dimensional measure of how efficiently the motor input power is converted to aerodynamic power of the propeller output.  A reasonable number to assume for this parameter is ~ 0.85

If you set the above two equations for power equal to each other, you can solve for the total aircraft drag as a function of:  Airspeed, Battery Voltage, and motor current (at any given “click setting” of the throttle).

MAKE SURE YOUR UNITS ARE CONSISTENT!  Volts x Amps will yield power in Watts, but Drag x Airspeed will yield Pound-Feet/Second.  Make sure you include the correct conversion factor!

C) Measurements you must make while you are flying:
1) When flying as part of the Aerospace Engineering Department, you will be flying inside a university gymnasium.  Your pilot will fly a “racetrack” pattern inside the gymnasium until you let them know you have collected sufficient data.  Your course should look like the following:
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2) Each student team will be responsible for measuring the distance of your timed leg (bring a long tape measure, or perhaps the pilots may bring one from the lab).  Either way, be sure you have a means to measure the course length.
3) Each student team will also be responsible for making the time measurements as the pilot flies the aircraft along the timed legs.  The pilot is ONLY there to fly the course, your teams are responsible for all the measurements!
4) It is suggested that two team members stand at each end of the timed leg distance to act as “signallers.”  These team members will raise their hand as the aircraft passes their point for both the upwind and downwind leg.  A third team member would be operating a stopwatch (with decimal second accuracy, at least) and will time each leg from the time the first team member raises their hand until the time the second team member raises their hand.
5) Record the time for each half-lap.  Have the pilot fly at least 6 full laps so you will have an adequate sampling of times from which to calculate an average time.
6) If you were flying outside, there is a possibility there might be a wind.  If this were the case it is important to realize that in the above setup you are measuring GROUND SPEED, NOT AIRSPEED.  It is instructive for you to think about how you might be able to calculate airspeed in such a case where the aircraft is flying UPWIND on one leg and DOWNWIND on the opposing leg.  Clearly, the time would be shorter to fly downwind (i.e. the wind is assisting the aircraft) and longer to fly upwind (i.e. the wind would be countering the aircraft).
7) Assuming there is no wind inside the gymnasium, then ground speed = air speed.
8) HOW WILL YOU ESTIMATE AIR DENSITY?  It would be a reasonable assumption that the air pressure inside the gymnasium has equalized with the air pressure outside the gymnasium.  Therefore, any weather app you may have for your phone may report local air pressure at a nearby station (Brackett Airport is close to campus and would report sea-level corrected air pressure as part of its Air Traffice Information Service – ATIS).  But it is definitely NOT a good assumption to assume the air inside the gymnasium is the same temperature as outside.  You may wish to bring a thermometer with you to the experiment to measure air temperature, or perhaps seek out a thermostat somewhere inside the gymnasium to see if it will report the temperature.  OR MAYBE DO BOTH AND COMPARE THE READINGS?  From these measurements you can estimate the air density from the ideal gas law equation of state.


Abbreviated experimental report format
You may use the following, abbreviated report format only for this R/C aircraft project report.  Your wind tunnel report should still follow the expanded format you were given earlier in the quarter.
1 OBJECTIVES
This section should be no longer than 1 full page in length.  It should clearly state the overall objective of the experiment, but it can also cite some of the other objectives that go along with our course (e.g. construction experience, flight test experience, validating theory learned in class, etc.).  This section can also contain a brief description about how you will go about achieving the objectives.
2 APPROACH
This section should describe the details of the approach taken to achieve the objectives.  This should include all steps taken starting from the construction of the R/C kit aircraft, and should also include descriptions of the theory along with the equations that quantify this theory.  This section should describe how you intend to measure and/or estimate all of the parameters that will go into the final determination of the objective of the experiment.
3 TESTING
This section should provide the detailed test procedures you intend to follow to collect all data necessary to achieve the experimental objectives. Including a photo of the test article would be good.
4 RESULTS

This section is where you present all of the results of your testing and state your conclusions.  Any figures or tables used to present the results should be included here.  You should include all raw data sheets used during the course of the experiment in this section as well.  It would be good to have at least some discussion about where errors in measures and estimates could come into play with respect to the accuracy of your results and conclusions.  If you can estimate the errors in each measurement, that is even better.
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