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RC Aircraft - 103 AJ Slick 540

To meet the second objective of this paper, the AJ Slick 540 was used. This aircraft was
chosen for its CTOL configuration as well as its dimensional similarity to the Cessna 172.
One core difference in its shape is that it features a mid-wing instead of a high wing
configuration. It is gas powered RC aircraft that measures about 8 feet in length. It features
a two-stroke motor and weighs around 30 pounds. The gasoline used was a two-stroke gas
mixture featuring a 40:1 gas to oil ratio. A picture of the aircraft (Figure 5) as well as a table

of important size characteristics can be found below.

Figure 5 —Photograph of the AJ Slick 540



Table 2 — AJ Slick 540 Size Measurements [7]

Parameter Measurement
Tip to Tail Length (feet) 8.33
Wingspan (feet) 8.58
Aspect Ratio 6.46
Mean Aerodynamic Chord (feet) 1.48
Max Takeoff Weight (pounds) 29.18
Empty Weight (pounds) 28
Fuel Quantity (gallons) 0.1875
Fuel Type 2 Stroke Gasoline 40:1 Mixture
Fuel Energy Density (BTU/Gal) 92029.09
Maximum Power (hp) 9.76
Power to Weight Ratio 0.3486

Test Areas

Cessna 172 Test Area — Valkaria Airport

Most of the flight testing took place on and around Valkaria Airport in Grant-Valkaria
Florida. This airspace was selected for two major reasons. The first being that the Valkaria
Airport is not towered. This means that no clearance to land, taxi and take off is required.
This not only simplifies the procedure but also lowers the amount of time interfacing with
the airport, lowering test time. Secondly the airport is used much less than Melbourne airport,
minimizing risks and inconveniences during testing due to air traffic congestion. As seen in
Figure 2, the test began and ended as a destination flight between Valkaria and Melbourne
Airports. The remainder of the testing consisted of a series of touch and go maneuvers where
the cruise portion of the flight took place over the Indian river. This portion of the testing
could be modeled as a Local Training Flight (Figure 3). A general map of the area can be

found in Figure 6 in the form of a sectional map.
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Figure 6 — Valkaria Airport Area Sectional Map [8]

A more detailed map of where the actual flying took place can be found below. This map
was produced by taking the GPS produced during the flight by the Garmin avionics suite.
Using these data points, a KML file was produced using a web client [9]. This KML file
could be imported into Google Earth to display the position of the aircraft at any given point
during the flight. A view of this 3D display can be found in Figure 7 below.
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Figure 7 — GPS Tracking of Cessna 172 Flight
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AlJ Slick 540 Test Area — Space Coast Aeromodelling Park

The Space Coast Aeromodelling Park is an RC air course that is located within the property
of the Brevard County Landfill (Figure 8). On each end of the air course there is a pole that
marked the turnaround point. These poles are marked with a red X. When the point was

reached, flag bearers near the poles signaled the pilot to turn around. Due to visibility

constraints, the aircraft flew within line of sight.

Figure 8 — Satellite Image of the Aeromodelling Park
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Chapter 3
Test Methodologies

The purpose of this section is to outline the testing methodology used during the flight tests
of the two aircraft. Each aircraft methodology section is split into the flight profile and the

data collection.

Cessna 172 Test Flight Methodology
Flight Profile

The Cessna 172 was to be flown a profile of five legs that each constituted as their own test
points. Test points 1 and 5 would be similar to a Destination Flight Profile (Figure 2). This
profile was chosen as the aircraft was stationed at Melbourne Airport, but would be
conducting most of this flight test in the Valkaria Airport region. The aircraft was set to
steadily climb to 2000 feet and then descend into the Valkaria Airport. The reverse of this

procedure was conducted as the final flight test to head home to Melbourne Airport.

For the remaining 3 test points, a Local Training Flight profile was conducted (Figure 3).
For these flights, the aircraft would taxi to the runway, take off and climb to an altitude of
2000 ft while covering 5 nautical miles. At this time, the aircraft would turn around over the
Indialantic River and begin its descent. Much like the climb, this descent would last 5
nautical miles. The aircraft would then land and immediately begin to taxi to start the next

test point.

Data Collection

The data was collected using a Garmin system. The system recorded many fundamental
measurements such as altitude, airspeed, and GPS position. Additionally, there was a gauge
that was not tied into the flight computer that measured both the remaining fuel as well as

the fuel flow rate. This flow rate proved useful for power analysis at different stages of the
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flight. Fuel flow rate was recorded by hand at the start of flight phases (Table 3). The time

of phase start was also annotated. The Garmin data was exported using an on-board SD card.

Table 3 — Cessna 172 Fuel Flow Data

Profile Phase Phase Duration Fuel Flow OAT (F)
(s) (gal/hr.)

Takeoff/Climb 230 15.5 76

1 Cruise 95 5.6 76
Descent 325 2.8 76
Takeoff/Climb 200 14.6 76

2 Cruise 100 7.5 76
Descent 76
Takeoff/Climb 230 15.2 77

3 Cruise 70 8 77
Descent 355 4 77
Takeoff/Climb 300 14.2 77

4 Cruise 77
Descent 365 4 77
Takeoff/Climb 170 15.2 76

5 Cruise 76
Descent 76

Fuel flow data matches well when compared against literature data in the Cessna 172 Pilot
handbook where a standard cruise consumes 6-8 gallons per hour of fuel. Additionally, when
climbing to 2000 feet a pilot should expect to lose 0.6 gallons of fuel, which is consistent
with the fuel flows displayed above.

AJ Slick 540 Methodology
Flight Profile

The general profile for this aircraft was to run laps of the field until the required number of
laps had been run. Once the aircraft was started, the pilot aimed to minimize taxi and take
off time. The aircraft got to 100 feet as quickly as possible as it headed to one end of the

field. Flag poles were stationed at each end of the course and marked the turnaround points
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(Figure 8). When the aircraft passed the flagpole, a crew member stationed at the flagpole
would wave their signal flag for the pilot to turn around and head to the other flagpole. Each
test point consisted of an increasing number of laps of 7, 13, and 19 passes, respectively. A
lap was defined as the length of the field from flag to flag. This was recorded as a lap when

the aircraft passed the pilot on the runway. The aircraft was then promptly landed.

Data Collection

When the aircraft is turned on, some fuel exits the system through the exhaust. This is a
normal occurrence for this type of engine. However, this loss should not be included in the
energy expenditure analysis. Due to this, for each test point the aircraft was fully fueled. A
catch basin was placed under the exhaust to catch any ejected fuel. This fuel was then added
back to the fuel storage and measurement device. The starting fuel in the fill bottle was then
measured. The pilot taxied and took off promptly. Flag bearers stood at the ends of the flight
area and signaled for the pilot when to turn. The pilot flew an increasing amount of laps each
test to provide a variation in results. Following landing, the aircraft was fueled to maximum.
The change in fuel from the entire flight course was calculated and tabulated. Time was taken
as a total flight time as well as by lap basis to investigate variation in laps. The results of this

flight test can be found in Table 4 below.

Table 4 — AJ Slick 540 Test Results

Test Fuel Spent Time (s) Labs Fuel Flow | Time Per Speed
Number (gal) P (gal/hr.) Lap (s) (mph)
1 0.00321 127 7 0.09093 18.14 64.49
2 0.00321 259 13 0.04463 19.92 58.72
3 0.00336 370 19 0.03274 19.47 60.08
Averages 0.05610 19.18 61.10
Standard 0.03075 0.93 3.01
Deviation
Percent
31.64% 2.79% 2.85%
Error
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The error in the table above was calculated using the standard deviation and standard error
approach. The standard deviation of the set was taken (Equation 1). This allowed for the

determination of the standard error and percent error of the average (Equations 2 and 3).

G = Z(xilv_ f)z (1)

0% = 2

§ =—=%100 3)

The average lap duration and speed featured acceptable errors. The error in fuel flow is
acceptable for the use of this paper but should be investigated further using additional flight

tests to verify the result.
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Chapter 4
Flight Test Data Reduction

Cessna 172 Reduction Methods

The data for the Cessna 172 came as a bulk data dump from an SD card. Figure 9 shows

altitude versus time. This graph showed a saw tooth pattern.
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Figure 9 — Cessna 172 Altitude vs. Time Graph
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Taking each test point as a single tooth in the pattern, the data could be split into 5 test flights.

During the flight, the fuel flow per phase was recorded by hand on an external gauge in the
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aircraft. This experimental data matches the expected data in the Cessna 172 Pilots
Handbook. Using this information, the energy spent per phase could be identified using
known energy densities of 100L Avgas, 31.59 MJ/L [14].

RC Aircraft Reduction Methods

The data recorded for this aircraft was fuel expenditure per test flight and the duration of
each flight as well as the number of laps flown. The RC aircraft did not feature any onboard
data recording software, so this data was modeled as a singular phase. Using the fuel, time
and number of laps, the fuel per lap and time per lap could be calculated. Using this
information, the distance flown could be scaled to any scaling factor. Additional information

required for the model creation was the size and weight of the aircraft.

Model Definition

Using NASA’s Modeling Flight scaling guide, an aircraft can be scaled using a scaling factor
and an exponential value [10]. The primary scaling factor chosen in this paper is the
wingspan of the aircraft, as that is what was used in the guide. Found below are the

recommended scaling parameters from the Modeling Flight scaling guide.

Table 5 — Scaling Factor Guide [10]

Property Scaling Factor
Wingspan N
Length N
Wing Area N?
Aspect Ratio 1
Chord Length N
Empty Weight N?
Max Takeoff Weight N?
Max Power N
Total Fuel Capacity N’
Reynolds Number N'2




Using the Cessna 172 and AJ Slick 540 sizing tabulated in the test article description section,
a scaling factor for the wingspan could be determined. This value was found to be 4.19.
Using this value, a theoretical scaled aircraft of the Cessna 172 was produced. Using the
percent error equation, the error between the AJ Slick 540 and the model aircraft could be
determined. Additionally, using the scaling factor for fuel usage, the energy expenditure for

the test flights could be found.

Using dimensional analysis, additional parameters can be used as scaling factors. Additional
scaling factors were applied to find the best fit for this model. They can all be found in the
appendix below. The scaling factors must be modified to format the model for that
parameter. The required modifications are in Table 6. The scaling factor is defined as the
ratio of the properties, with the subscript denoting which property it is part of. This scaling

factor is then modified and then replaces the scaling factor in the above model.

Table 6 — Weight Based Scaling Factors

Property Scaling Factor
Wingspan N=Nus
Length N=NL
Wing Area N=N."”
Aspect Ratio 1

Chord Length N=Nu
Empty Weight N=Ney'?
Max Takeoff Weight N=Nunw'"
Max Power N=Np,"*?
Total Fuel Capacity N=Np'"
Reynolds Number N=N""?
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Chapter 5
Flight Data Analysis

Comparing the Aircraft

The cornerstone of this paper is the implication that the two aircraft being tested can be
related to one another. This relation can be tested by using a method known as the Froude
Number comparison. The Froude Number is an expression of the inertial and gravitational
effects on an aircraft. If the Froude Number is identical, it is said that the aircraft have
geometric similitude. The equation for the Froude Number can be found below (Equation

4).
Ner =174 )

When calculating the Froude Number for both the aircraft tested, the maximum velocity of
the aircraft was used. It is assumed that the maximum velocity of the AJ Slick 540 was the
fastest speed achieved during the test flights. The results of the Froude Number Calculation

can be found tabulated below.

Table 7 — Froude Number Analysis

Aircraft Froude Number Percent Error
Cessna 172 25561.35
AlJ Slick 540 30105.91 16.33%

The percent error was determined using the standard percent error formula (Equation 5).

Vg — Ve

5 =

* 100 (5)

Ve
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