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NOMENCLATURE 
a = 3D Lift Curve Slope 
a0 = 2D Lift Curve Slope 
AR = Aspect Ratio 
α = Angle of Attack 
b = Wing  Span 
c = Wing Chord 
CD = Coefficient of Drag 
CD,i = Lift Induced Drag 
CD,0 = Zero-Lift Drag 
CDSC

= Discharge Coefficient 

CL = Coefficient of Lift 
CL,max = Maximum Coefficient of Lift 
Cm,CG = Moment Center of Gravity 
D = Drag 
e = Oswald Efficiency Factor 
e0 = Span Efficiency Factor 
g = Acceleration of Gravity 
H = Height of Rocket Bottle 
h = Height of Water in Rocket 
L = Lift 
m = Mass 
ρH2O = Density of Water 
ρAir = Density of Air 
P ∞ = Pressure 
P N = Nozzle Pressure 
P T ank = Rocket Tank Pressure 
q = Dynamic Pressure 
S = Area 
R = Gas Constant or Diameter of Bottle as Specified 

Team Mustang - Page 4 



r = Diameter of Rocket Nozzle 
T = Thrust or Temperature as Specified 
T A = Thrust Available 
T R = Thrust Required 
V  = Velocity 
V N = Rocket Nozzle Velocity 
V H = Horizontal Tail Area 
V V = Vertical Tail Area 
V LO = Lift Off Velocity 
V Stall           = Stall Velocity 
W = Weight 
ω = Turning Rate 
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CHAPTER 2 - INTRODUCTION 

2.1 - DESIGN OBJECTIVES 
This project calls for the design and manufacturing of a balsa wood, radio-controlled 

aircraft to be flown in the Carrier Dome on the Syracuse University campus. This aircraft must 
also externally transport a water-powered rocket while in flight. This water-powered rocket will 
then be launched from the ground and must remain aloft as long as possible.  

Scoring is determined by multiplying the number of laps completed by the rocket’s time 
aloft. This is the only required payload of the aircraft. Optimizing an ideal design will lie within 
balancing an optimal rocket along without compromising the weight of the aircraft which would 
then decrease the total laps flown.  

2.2 - REQUIREMENTS 
The design prompt requires that the aircraft be constructed out of balsa wood and utilize a 

provided HBZ3100 radio controlled aircraft components. The rocket must be constructed out of a 
two-liter soda bottle and powered by water and compressed air. Fins, a nose cone, and a recovery 
device may be attached with tape but not glue. A parachute may be attached and deployed to 
increase the time aloft. The nozzle of the two-liter bottle must not be altered.  

The aircraft will take off from the end zone of the football field within the Carrier Dome, 
and must lift off before the 50-yard line. To complete a lap, a figure eight flight path must be 
flown that follows the outline shown below in Figure 1. The aircraft must cross the 50-yard line, 
turn left around a pylon located at the center of the far 20-yard line, then turn right about a pylon 
located at the center of the closest 20-yard line, and finally cross the 50-yard line again. This 
flight path counts for one lap towards scoring. Only one battery may be used on a single charge. 

 
Figure 2.2.1: Flight Path 
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2.3 - PROJECT TEAM 
Team Mustang split work evenly between its three members, specifically delegating tasks 

and responsibilities based off of individual strengths and weaknesses. Michael Aiello was put in 
charge of MATLAB coding and optimization of the plane and rocket components. Tyler 
Vartabedian was tasked with the design and manufacturing of the rocket and aircraft parts as 
well as keeping the master schedule. Josh Boucher was assigned with formatting the reports and 
presentations along with assisting in aircraft design and manufacturing.  

All decisions were made on a group basis nearing a group consensus. Any difficult or 
debated decisions were discussed in depth and typically were accompanied by a pros and cons 
list to assist the group to come to an agreement. Tasks were delegated weekly and followed the 
Master Schedule shown below in Figure 3. Communication occurred daily through both email 
and a group messaging app. File sharing and editing were performed on the Google-docs 
platform for ease of editing by every member. Meetings are held three times per week at varying 
lengths of time. 
 

 
 
   TYLER VARTABEDIAN           MICHAEL AIELLO                    JOSH BOUCHER  

Figure 2.3.1: Project Team 
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2.4 - PROJECT SCHEDULE 
The team developed the Gantt chart shown below in Figure 3 to help maintain 

appropriate organization and delegate weekly tasks. This chart shows both planned and actual 
timing for main and subtasks throughout the semester. Note that actual times are not shown for 
future tasks. This greatly assisted in determining what tasks to be worked on weekly and 
maintaining a rough timeline for how long each task should take. Anticipating unplanned tasks 
arising, this note was added into the legend. 

 
 

Figure 2.4.1: Planned and Actual Master Schedule  
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Chapter 3 - Conceptual Design 

3.1 - Survey of Existing Designs 
Much of the initial design thoughts and ideas for Team Mustang came from observations 

of prior designs. Specifically, low Reynolds number airfoils were analyzed as well as existing 
radio controlled aircraft. This led to initial design choices to put towards Figures of Merit for the 
fuselage, wing type, placement, and angle, tail and propeller configuration, and others.  

When searching for low Reynolds numbers airfoils, the assumption of a maximum speed 
of 20 feet per second was assumed, which coincides with an approximate Reynold’s number of 
100,000. Three initial airfoils were chosen for analysis, including the Eppler E210, NACA 2412, 
and Selig S1223. 

The Eppler E210 was chosen for its relatively high approximate value at a CLmax  
Reynold’s number of 100,000. It also does not feature a complex shape making it structurally 
sound and easily manufacturable. 

 
Figure 3.1.1: Eppler E210 Airfoil (3) 

The NACA 2412 was also analyzed. Team Mustang has experience analyzing this 
specific airfoil in prior classes and it was chosen for its proven stability and reliability. With an 
approximate maximum of only 1.2 at a Reynolds number of 100,000, it has the lowest  CL  CLmax  
of the three airfoils analyzed. It is the most structurally simple to manufacture. The NACA 2412 
could likely survive a crash if chosen for the aircraft. 

 
Figure 3.1.2: NACA 2412 Airfoil (8) 

The next airfoil analyzed was the Selig S1223. This is by far the best performance airfoil 
chosen at low Reynolds numbers but features a complex shape making manufacturing difficult. It 
features a of approximately 2.0 at a Reynold’s number of 100,000. The complex shape also CLmax  
makes it susceptible to failure in the event of a crash. 
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Figure 3.1.3: Selig S1223 Airfoil (10) 

 
Figure 3.1.4: Clark Y Airfoil (11) 

Lastly, the Clark Y airfoil was analyzed. This airfoil was chosen specifically for its flat 
bottom plate after researching the difficulties associated with applying monokote to an airfoil 
surface. This airfoil is reliable with the flat bottom surface and a thick camber to allow for 
structural supports to be inserted while still providing good aerodynamic results. 

Radio controlled aircraft models were also analyzed for comparison. Figure 5 shows the 
HBZ3100, the provided aircraft model for this project. It features a high wing with a 
conventional fuselage, wing, and tail design. This is a great basis for gauging how the provided 
electronics from this model will work, however, it does not account for the increased weight with 
the added bottle rocket. A majority of the surveyed radio controlled planes feature a high and 
straight wing for a tractor monoplane with a conventional tail. 
 

 
Figure 3.1.4: HBZ 3100 (6) 

 
Due to the added weight of the bottle rocket, an extremely lightweight design is desirable. 

Models were analyzed that lack a fuselage to decrease weight, as seen below in Figure 6. This 
specific model utilizes a thin wire as the “fuselage” to reduce weight immensely. Another option 
includes a half fuselage, which would allow the ease of attachment/storage of the bottle rocket 
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without the added weight of a fuselage extending to the tail. This would also decrease damage 
done in the event of a nosedive crash. 

 
Figure 3.1.5: Wire Fuselage Aircraft (5) 

 
Tail design was also closely analyzed. Conventional, 

T-Tail, H-Tail, cruciform, and V-Tail models were sought out 
and observed. A vast majority of radio controlled planes 
utilize the conventional tail configuration. Despite mild 
interference from the wing, the conventional configuration 
provides a great balance of stability. The T-Tail, which places 
the horizontal tail surface at the top of the vertical tail, 
sacrifices stability but avoids interference from the wing. The 
cruciform configuration splits the T-Tail and conventional 
models. V-Tail designs are typically found on fighter aircraft 
and severely lack stability for more chaotic movement. An 
H-Tail features a horizontal surface supported by two vertical 
tail components on each side. 

Wing configurations were the last components 
analyzed. This included elliptical, rectangular, and tapered 
wing shapes. Elliptical wings are ideal for their performance 
aspect, decreasing drag while featuring the same aspect ratio 
as other wings. They are, however, difficult for 
manufacturing. Tapered wings slightly increase performance 
but do add some difficulty to manufacturing and structural 
integrity. Straight wings are featured in a majority of radio 
controlled aircraft and provide ample stability without 
manufacturing difficulties. 

Figure 3.1.6: Configurations (7) 
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Most radio-controlled aircraft also feature high wing placement, although many still 
feature mid-level or low placed wings. The high-wing placement is popular due to its great 
assistance with aerodynamics and ease of manufacturing.  
Plus, most heavyweight cargo aircraft feature a high-wing placement, which relates to this 
projects comparatively heavy payload. Swept wings were also analyzed and considered, but are 
typically only found on high speed aircraft and add incredible difficulty to manufacturing and 
production. 

Bottle rocket models were analyzed for base design. All models essentially only feature a 
nose cone and fins attached at the side of the bottle. Some models utilize paper or cardboard nose 
cones and fins, while others chose to 3D print for more fine-tuned and aerodynamic results at the 
cost of increased weight. A majority of rockets feature a four fin design for the best stability 
without enabling too much drag. Many bottle rockets also feature elongated bodies which aids 
the aerodynamics and stability at the rocket while adding some weight. This can easily be 
accomplished by slicing a second two-liter bottle and taping it to the top beneath the nose cone. 
Parachutes are typically attached beneath the nose cone and are made from plastic or paper 
materials and attached by strings. Some models featured aerodynamically enabled deployment 
systems for the parachute, while others rely on the nose cone falling off of the rocket so the 
parachute can deploy. 

3.2 - Concept Trade-Offs 
Figures of Merit tables were utilized by Team Mustang to choose the baseline design and 

pertinent configurations. Manufacturability, weight, and performance were the three main 
aspects analyzed. Low weight and a low profile for decreased drag were sought out, as it is 
expected the payload bottle rocket will be significantly heavy compared to the weight of the 
aircraft. A lower weight and drag profile will allow for more laps to be completed leading to a 
higher score. Each figure of merit table was discussed in depth and voted on by all of Team 
Mustang and led to an agreeable consensus on each design aspect. The following design aspects 
were analyzed: 
 

● Aircraft Configuration 
● Tail Configuration 
● Tail Shape 
● Propeller Configuration 
● Landing Gear Configuration 
● Wing Configuration 
● Wing Placement 
● Wing Angle 
● Fuselage Configuration 
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Table 3.2.1: Aircraft Configuration 

 Importance Monoplane Biplane Flying Wing Canard Dual-Fuselage 

Manufacturing 0.2 1 0 0 -1 -1 

Drag 0.1 0 -1 1 0 0 

Weight 0.3 1 -1 1 -1 -1 

Cargo 0.1 0 0 -1 0 -1 

Directional 
Stability 0.3 0 0 -1 1 -1 

Total 1 0.5 -0.4 0 -0.2 -0.9 

 
The main considerations when deciding Aircraft Configuration were weight and 

directional stability. In research, many types of configurations have been successfully used 
throughout history, but our goal was to decide which would be most likely to succeed given our 
specific design materials and parameters. With these considerations in mind, a standard 
monoplane aircraft configuration took the most. 
 

Table 3.2.2: Tail Configuration 

 Importance Conventional V-Tail T-Tail H-Tail Cruciform 

Manufacturing 0.3 1 0 0 -1 1 

Stability 0.3 1 0 -1 1 0 

Weight 0.4 0 1 -1 -1 0 

Total 1 0.6 0.4 -0.7 -0.4 0.3 

 
In deciding the tail configuration, there were 5 main types that we considered. The least 

attractive option was the T-Tail, due to the stiffness requirements making the tail extremely 
heavy, and poor stability. Another poor option we found was the H-Tail configuration. This tail 
had exceptional stability, but would be very difficult to manufacture, and would most likely be 
the heaviest option of all. An actually considerable contender for tail configuration was the 
cruciform. This option is a variation of the T-tail that places the horizontal stabilizer midway 
down the vertical stabilizer. In turn it is more structurally sound than the T-tail, but still lacks the 
intended stability we are looking form. The V-tail was the closest second option, but the main 
disadvantages were the lack of structural stability and difficulty in manufacturing. This left the 
conventional tail mounted to the fuselage as our best option for the ease of manufacturing, 
exceptional stability, and average weight. 
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Table 3.2.3: Tail Shape 

 Importance Flat Surface Airfoil 

Manufacturing 0.2 1 -1 

Performance 0.5 0 1 

Weight 0.3 1 -1 

Total 1 0.5 03 

 
Table 3.2.3 details the shape of the horizontal tail surfaces. Only a basic analysis was 

performed at this point in the design project. A flat surface offers the basic elevation 
requirements with the built in rudders, but does not provide any meaningful lifting forces or 
stability. This, however, is far easier to manufacture and weighs less. An airfoil profile still gives 
appropriate elevator parameters while also increasing stability and yielding minor lifting forces 
thus more greatly improving the aircraft, just at the cost of an increase in difficulty of 
manufacturing and weight. The provided kit utilizes a flat surface for the tail, enhancing the 
decision to utilize a flat surface rather than an airfoil profile. 

 
Table 3.2.4: Propellor Configuration 

 Importance Tractor Pusher 

Manufacturing 0.3 1 -1 

Efficiency 0.7 1 0 

Total 1 1 -0.3 

 
The main parameter limiting our propulsion system was our single engine capabilities. 

This limited our options for propeller configurations to tractor and pusher mounted on the 
fuselage, eliminating the ability for any wing-mounted dual propulsion systems. From research 
of these two propeller configurations, we found that not only is a pushing configuration more 
structurally complicated than a tractor, but there is also an increase in drag, and aerodynamic 
performance suffers from the pusher-type. With these considerations in mind, we chose to 

 
Table 3.2.5: Landing Gear Configuration 

 Importance Tail Dragger Tricycle Bicycle Quadricycle 

Manufacturing 0.3 1 0 0 -1 

Toughness 0.3 1 1 -1 1 

Weight 0.4 0 0 1 -1 

Total 1 0.6 0.3 0.1 -0.4 
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The four main types of landing gears were analyzed and decided upon. The tail dragger 

features 2 fixed wheels at the front of the aircraft with a much smaller wheel at the very base of 
the tail, which gives the aircraft an appearance of dragging its tail on the ground. The tricycle 
features three fixed wheels at the front of the aircraft, while the bicycle features two wheels 
along the same axis underneath the center of the fuselage. The quadricycle provides immense 
toughness at a high weight by featuring four wheels along the front of the aircraft. The tail 
dragger was picked based off of surveys of existing model aircraft as well as its ease of 
manufacturing and decent toughness.  

 
Table 3.2.6: Wing Configuration 

 Importance Straight Wing Delta Wing Swept Wing Tapered Wing 

Manufacturing 0.2 1 -1 -1 -1 

Weight 0.3 1 -1 1 1 

Performance 0.3 0 1 1 -1 

Toughness 0.2 -1 1 -1 -1 

Total 1 0.3 0 0.2 -0.4 

 
When deciding on wing configuration, four major designs used in modern aircraft were 

considered. The tapered wing configuration is known to be structurally inefficient, and the loads 
on the wing may be too much for it to handle. Difficult manufacturing process and structural 
integrity of the wing for a less-than-competitive performance make it a risky choice. The delta 
wing is strong and efficient, but is very heavy, making it an unattractive choice. The swept wing 
also has structural integrity issues, but at the benefit of slightly better performance. This makes 
for a decent second alternative, but the highest scorer was the straight wing configuration, 
aligning with the “keep it simple” mentality, the straight wing will be easy to manufacture, and 
will perform fine for our payload mission. 
 

Table 3.2.7: Wing Placement 

 Importance Low Wing Mid Wing High Wing 

Manufacturing 0.5 1 -1 1 

Stability 0.3 -1 0 1 

Toughness 0.2 1 0 1 

Total 1 0.7 -0.5 1 

 
Wing placement is one of the more important figures of merit analyzed. 

Manufacturability was weighted highest followed by stability, as the location of the wings in the 
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event of a crash may prevent or enable catastrophic failure. Survey of existing designs show that 
largely mobile aircraft feature low dihedral wings, while cargojets feature high anhedral wings. 
Because the weight of the bottle rocket is expected to be large in comparison to the lifting forces 
generated by the aircraft, a high wing was chosen. This allows for a lower center of gravity and 
allows for the bottle rocket to be stored below the aircraft. This specific figure of merit ties in 
with both the wing angle and payload attachment configuration. A low anhedral wing with cargo 
attached beneath the airplane would not work, so combining all three into thoughts and ideas 
yielded the high, straight wing with cargo stored below the fuselage. The high wing allows for 
ease of manufacturing and keeps the wings stable and secure in the event of a crash. 
 

Table 3.2.8: Wing Angle 

 Importance Dihedral Straight Anhedral 

Manufacturing 0.4 0 1 0 

Stability 0.4 1 0 -1 

Maneuverability 0.2 -1 0 1 

Total  0.2 0.4 0.2 

 
In continuation of the prior figure of merit table, dihedral wings were essentially 

automatically eliminated with the choice of a high wing. Straight wings were chosen for the ease 
of manufacturing, as well as a safety precaution to keep them distanced from the base of the 
aircraft in the event of a crash. This would prevent any damage to the wings and allow for a 
faster repair process. 

 
Table 3.2.9: Wing Shape 

 Importance Rectangular Elliptical 

Manufacturing 0.6 1 -1 

Weight 0.2 0 1 

Lift 0.2 0 1 

Total 1 0.6 -0.2 

 
Two wing shapes were analyzed. Elliptical wing shapes provide far better performance 

with far less drag with the same aspect ratio compared to a rectangular wing, but drastically 
increase manufacturing difficulty. This was weighted the highest due to concerns over ability to 
manufacture an elliptic wing efficiently while keeping weight decreased (may require a lot more 
glue.) Although the performance is greatly increased with elliptical wings, it was deemed it was 
an unrealistic manufacturing goal. 
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Table 3.2.10: Fuselage Configuration 

 Importance Full Balsa Half Balsa Full Wire 

Manufacturing 0.2 0 -1 1 

Weight 0.3 -1 0 1 

Cargo 0.3 1 0 -1 

Toughness 0.2 1 0 -1 

Total 1 0.2 -0.2 0 

 
Three fuselage construction ideas were discussed. A full balsa wood fuselage would 

extend from the nose to the tail and be entirely made of balsa wood. A full wire fuselage would 
essentially eliminate a fuselage except for small casings built around the electronics. This wire 
fuselage would work well if the bottle rocket was elected to be secured as part of the fuselage. 
The half balsa option is a combination of the other two options, where the first half of the aircraft 
features a constructed fuselage out of balsa wood, while aft of the wings the fuselage is just a 
wire connected to the tail. This option reduces weight, slightly, but not as much as the full wire. 
Here, the ease of storing cargo and the weight were weighted highest while toughness in the 
event of a crash was considered. A wire fuselage likely would be susceptible to catastrophic 
failure, while a full balsa wood fuselage could withstand a crash. This is why the full balsa wood 
fuselage was picked. 
 

Table 3.2.11: Airfoil Type 

 Importance Eppler E210 Selig S1223 NACA 2412  

Manufacturing 0.3 -1 -1 0 1 

Toughness 0.3 1 -1 1 1 

Lift 0.4 1 1 -1 0 

Total 1 0.7 0.4 0.2 0.7 

 
Arguably the most important figure of merit was to decide the airfoil type to be used in 

the wings. As explained in section 3.1, three airfoils were analyzed. The Eppler E210 and the 
Selig S1223 specialize in working with low Reynolds number scenarios, such as what is 
experienced with radio-controlled aircraft. The NACA 2412 is a very reliable airfoil that has 
been studied by Team Mustang in prior projects and classes. The S1223 boasts the best 
performance but features a complex shape that will likely be hard to manufacture an would likely 
break in the event of a crash. The E210 meets in the middle between the S1223 and NACA 2412, 
with a simplified profile that could likely withstand a crash and superior performance at low 
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Reynolds numbers. However, the Clark Y allows for the application of Monokote easily and 
provides ample performance with a structurally sound profile. 

 
Table 3.2.12: Payload Attachment Configuration 

 Importance Bottom Top Part of Fuselage 

Manufacturing 0.3 1 1 -1 

Toughness 0.3 0 -1 1 

Performance 0.3 0 0 1 

Weight 0.1 0 0 0 

Total 1 0.3 0 0.3 

 
Three locations for the bottle rocket mounting were considered. This is an essential 

aspect of the design in order to maintain an appropriate center of gravity without interfering with 
aerodynamics of the plane. Due to the high wing choice, a bottom mount was initially heavily 
favored. If a half balsa or full wire fuselage had been selected, making the bottle rocket part of 
the fuselage would have been an option. This design choice is almost nearly dependent on prior 
choices, leading to the bottom of the fuselage to be the attachment point for the bottle rocket. 

 
Table 3.2.13: Rocket Nose Cone and Fin Material 

 Importance Paper Cardboard ABS Plastic 

Manufacturing 0.2 1 1 0 

Toughness 0.4 -1 -1 1 

Performance 0.2 0 0 1 

Weight 0.2 1 1 -1 

Total 1 0 0 0.4 

 
Based off of the survey of prior designs, it was determined that the bottle rocket would feature 
four fins and a detachable nose cone. It was also observed that these are typically made out of 
paper, cardboard, or are 3D printed using PLA or ABS plastic. The plastics boast a much higher 
toughness and resilience to failure when falling back towards the surface after a launch. 
Although paper and cardboard are incredibly easy to produce and multiple copies of fins and a 
nose cone could be made, the performance and precision of 3D printing is far superior. The 
minor increase in weight will be worth the increased aerodynamic properties. 
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Table 3.2.14: Rocket Parachute Material 

 Importance Canvas Plastic bag Paper 

Manufacturing 0.3 0 1 0 

Weight 0.3 -1 1 0 

Performance 0.4 1 0 0 

Total 1 0.1 0.6 0 

 
Three materials were considered for the rocket parachute. Canvas, although a heavy 

option, is what real parachutes are typically constructed with. Paper is an easily customizable 
option but lacks the ability to be packed efficiently. A plastic bag is lightweight and packs nicely, 
but does not perform as well as canvas. Despite this, the plastic bag material was chosen for its 
ability to pack tightly at a low weight, allowing for a much larger parachute area. 

 
Table 3.2.15: Rocket Parachute Deployment System 

 Importance Unsecured Nose Cone Spring Activated Aerodynamic Activation 

Manufacturing 0.3 1 -1 -1 

Toughness 0.2 0 1 1 

Performance 0.3 0 1 1 

Weight 0.2 1 -1 -1 

Total 1 0.5 0 0 

 
Multiple designs exist online relating to bottle rocket parachute deployment. Some more 

advanced models utilize timed spring releases to launch the nose cone off of the rocket so that 
the parachute can unravel. Others utilize an aerodynamic activation, where the nose cone is 
dislodged after hitting a certain speed in the rocket. This ultimately just leads to the last option, 
where the nose cone is simply not restrained to the bottle in any way and is only forced onto the 
bottle through aerodynamic forces.Both the spring and aerodynamic activation models feature 
difficult manufacturing techniques and far extra weight. Because of this, the unsecured nose cone 
option was selected. It does not share the same reliability as the other options, but it should fall 
off at the tip of the rockets launch and perfectly allow the parachute to deploy. 
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Table 3.2.16: Rocket Body Configuration 

 Importance 2L Base Bottle Single Extension Double Extension 

Manufacturing 0.2 1 0 -1 

Toughness 0.1 1 0 -1 

Performance 0.5 -1 1 1 

Weight 0.2 1 0 -1 

Total 1 0 0.5 0 

 
Lastly, the rocket body was decided upon. Based off of existing designs, extending the 

body of the rocket by attaching other two liter bottle bodies increases performance. This, 
however, increases the weight. Optimization will be required to determine the appropriate length 
to extend the body. For this project, only one extension will be utilized. This will simply be done 
by cutting the top of another bottle off and taping it onto the body of the rocket beneath the nose 
cone and parachute. 

3.3 - Baseline Design Configuration 
Following the decisions of the Figures of Merit, a baseline design was conceptualized. 

The aircraft will be a conventional tractor monoplane with a straight, high wing at no angle 
attached to a full balsa wood fuselage. The tail will be a conventional configuration featuring a 
straight airfoil profile, most likely a NACA 0012 for its stability, reliability, and ease of 
manufacturing. A taildragger landing gear system will be utilized. The wings will be rectangular 
and utilize an Eppler E210 airfoil perfect for low Reynolds number scenarios. This will deliver 
appropriate lift and stability without compromising ease of manufacturing. Finally, the bottle 
rocket will be attached below the fuselage by tape or grips or string.  

The bottle rocket will feature four attached fins and a loose nose cone 3D printed with 
ABS plastic. This will provide ample structural integrity to survive falling to the surface after 
multiple tests. The body of the rocket will be extended by attaching a second two-liter bottle 
body on top of the initial body. The increased length will increase performance and stability with 
only a minor cost to the weight. The parachute will be constructed out of a plastic bag and 
attached via four strings beneath the nose cone. This is a lightweight parachute option that will 
reliably deploy quickly. The nose cone will not be secured to the body of the rocket, and will 
simply remain attached due to aerodynamic forces as the rocket rises up. At its peak, the nose 
cone will fall off thus decreasing the weight and allowing the parachute to deploy effectively. 

All balsa wood parts for the aircraft will be laser cut and glued together. Each wing will 
feature ailerons for great stability and control of the aircraft. 
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3.4 - Pertinent Equations and Correlations 

3.4.1 - Aircraft 
When calculating the performance of the aircraft, SLUF was assumed for a majority of 

the time in air when not performing turns. SLUF, or Straight Level Unaccelerated Flight, is 
detailed in the following equations: 

hrust rag ρV SCT = D = 2
1 2

D (3.4.1.1) 
eight if t ρV SCW = L = 2

1 2
L (3.4.1.2) 

Where is the freestream density, V is the velocity, S is the area of the wing, is the ρ  CD  
coefficient of drag given by Equation 3.4.1.3 and is the coefficient of lift. The coefficient of CL  
lift is directly dependent on the airfoil, angle of attack , and Reynolds number as seen in Figure α  
3.4.1.1. 

 CD = CD,i + CD,0 (3.4.1.3) 

 
Figure 3.4.1.1: Wire Fuselage Aircraft (3) 

Where is the lift induced drag and is given by Equation 3.4.1.4 and is the profile drag CD,i  CD,0  
and is a property of the aircraft as a whole. 

CD,i = CL
2

πeAR (3.4.1.4) 
Where e is the Oswald Efficiency Factor, and AR is the aspect ratio given by Equation 3.4.1.5. 

R /SA = b2 (3.4.1.5) 
The Stall Velocity is a very important factor in the aircraft calculations and is given by Equation 
3.4.1.6: 

 V Stall = √ 2W
ρSCL,max

(3.4.1.6) 
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Where W is the weight, and is a property of the airfoil chosen and is listed under the CL,max  
assumptions. Rate of climb is also important, and is given by Equation 3.4.1.7: 

.O.C.R = W
P A−P R (3.4.1.7) 

Where PA is power available and PR is the power required. These values are given by Equations 
3.4.1.8 and 3.4.1.9, respectively. 

A A  P = T · V (3.4.1.8) 
R R  P = T · V (3.4.1.9) 

Where TA and TR are the thrust available and thrust required, respectively. The thrust available 
is simply the output of the battery as it relates to the given propeller (listed in assumptions), and 
the thrust required is given by Equation 3.4.1.10: 

RT = W
C /CL D

(3.4.1.10) 

Before rate of climb is considered, liftoff and landing velocities were calculated, and given by 
Equations 3.4.1.11 and 3.4.1.12, respectively. 

.2V  V Lif tOf f = 1 Stall (3.4.1.11) 
.3V  V Landing = 1 Stall (3.4.1.12) 

Performance in the air was also considered when not assuming SLUF. When turning, the 
following four equations were utilized as they relate to turning and gliding. 

R = V 2

g√n −12
(3.4.1.13) 

ω = V
g√n −12

(3.4.1.14) 
an(θ)t = 1

C /CL D
(3.4.1.15) 

R1 = h · L
D (3.4.1.16) 

R is the turning radius, is the turning rate, is the glide angle, h is the height of the aircraft, ω θ  
and is the glide range. Where g is the acceleration of gravity, and n is the load factor given byR1  
Equation 3.4.1.17: 

/Wn = L (3.4.1.17) 
Range and Endurance were key towards calculating predicted performance. Range is given by 
Equation 3.4.1.18 and Endurance is given by 3.4.1.19: 

ln( )R = c
η CL

CD W 1

W 0 (3.4.1.18) 

(2ρ S) (W )E = c
η

CD

CL
3/2

∞
1/2

1
−1/2 − W 0

−1/2 (3.4.1.19) 

Where is the propeller efficiency, is the final weight, and is the initial weight. Noteη W 1 W 0  
that these initial and final weights do not factor into this project due to a lack of liquid fuel 
weight. Similarly important, Power and Thrust Required as they relate to performance can be 
rewritten as shown in Equations 3.4.1.20 and 3.4.1.21, respectively. 

)( CD

CL
3/2

max
= 4CD,0

(3C πeAR)D,0
3/4

(3.4.1.20) 
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)( CL
CD max = 2CD,0

(C πeAR)D,0
1/2

(3.4.1.21) 

The prior four equations are the most critical in the performance calculations for the aircraft. 
Lastly, information about the center of gravity must be calculated to ensure stability. The 
moment about the center of gravity is given by Equation 3.4.1.22: 

α δ  Cmcg = Cm0 + Cmα + Cmδe e (3.4.1.22) 
And the moment relating to the angle of attack is lastly given by Equation 3.4.1.23: 

( ) V C (1 ) V C (1 )  Cmα = CLαw c
xcg − c

xac + Cmαf
− η H Lαt

− dε
dα + η H Lαc 

− dε
dα (3.4.1.23) 

3.4.2 - Rocket 
Before any equations for the bottle rocket were derived, a free body diagram expressing 

the forces on the rocket was drawn, along with labels showing basic dimensions.  
 

 
Figure 3.4.2.1: Rocket Free Body Diagram 

 
Firstly, looking at the equations that propel the rocket upwards is the basic thrust 

equation: 
 V m  T =  N dot (3.4.2.1) 

Where is the mass flow rate and is the velocity of the flow out of the nozzle. Thismdot  V N  
velocity and the mass flow rate are expressed by the following two equations: 

 V N = CDSC √(P n ) / ρ− P ∞ H2O (3.4.2.2) 
V (π/4 )  mdot = ρH2O N · r2 (3.4.2.3) 
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Where is the discharge coefficient based on the shape of the nozzle, is the exterior CDSC
 P ∞  

pressure, is the pressure in the nozzle of the tank, and is the density of water (the P N  ρH2O  
propellent of the bottle rocket.) is expressed in the following equation: P N  

gh  P N = P tank + ρH2O (3.4.2.4) 
Where is the pressure of the air within the bottle and is expressed by the following P tank  
equation: 

(3.4.2.5)(H )A (H )  P tank − h  = P initial − hinitial  
Next, the drag and weight must be considered as they act against the thrust. First, the drag 

is calculated by the following equation: 
ρ V SCD = 2

1
∞

2
D (3.4.2.6) 

Where D is the drag, V is the velocity of the rocket, is the coefficient of drag of the rocket, CD  
and S is the area expressed by the following equation: 

(R/2)S = π 2 (3.4.2.7) 
Weight also reduces the performance of the rocket and is expressed by the following equation: 

gW = m (3.4.2.8) 
Where m is the mass as expressed by the following equation and g is the acceleration of gravity. 

(hπ(R/2) )m = mempty + ρH2O
2 (3.4.2.9) 

Lastly, the states need to be expressed in equations, as given by the following three 
equations for change in height of water, change in velocity, and height of the rocket, 
respectively. 

− /(ρ π(R/2) )hdot = mdot H2O
2 (3.4.2.10) 

F /m vdot = Σ = m
 T −D−W (3.4.2.11) 

ydot = v (3.4.2.12) 

3.5 - Assumptions 
For the initial conceptual design, basic assumptions were required in many aspects. First, 

standard day atmospheric conditions were assumed and based on Syracuse Elevation and know 
statistics about the Carrier Dome. This all corresponds to an approximate elevation of 400 feet 
for Syracuse, NY. A lack of wind or other aerodynamic disturbances was assumed due to the 
flights being performed indoors. The other listed assumptions stem from various sources after an 
extensive amount of research was done to determine approximate values. These values served for 
the baseline code and performance estimations, and were verified and altered as shown in the 
following chapter. The following table lists all of the assumptions made for this initial design: 
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Table 3.5.1: Baseline Values for Assumptions 

Temperature 288 Kelvin, 14.85 C 

Density 1.213 kg/m^3 

Pressure 99,880 N/m^2 

Aircraft Drag Coefficient 0.075 

Aircraft Thrust 20 N 

Reynold's Number 100,000 

Span Efficiency Factor 0.85 

Oswald Efficiency Factor 0.85 

Discharge Coefficient of Bottle 0.7 

Turf Rolling Coefficient 0.03 

Turf Friction Coefficient 0.6 

Battery Lifespan ~120 seconds 

Parachute Drag Coefficient 1.6 

Bottle Rocket Drag Coefficient 0.8 

Cruise Velocity of Aircraft 7.5 m/s 

Lap Length 125 meters 

 
On top of this, incompressibility and ideal gas properties were assumed throughout, as 

well as an instantaneous parachute deployment for the bottle rocket. Changes in air properties 
were neglected despite an increase in elevation of the aircraft or rocket. 

3.6 - Initial Design and Predicted Performance 
Utilizing the initial assumptions from Table 3.5.1 and the equations detailed in section 

3.4, a predicted final score was determined. Scoring is simply determined by multiplying the 
number of laps completed by the seconds the bottle rocket remains in the air after launch. This is 
shown below in Equation 3.6.1: 

otal Score ΣLaps Completed econds of  Air T ime of  Rocket  T =  · S (3.6.1) 
Figure 3.6.1 shows the expected performance of the rocket, with an expected airtime of 15 
seconds. With an estimated lap length of 125 meters and speed of 7.5 meters per second, a lap 
can be completed in approximately 17 seconds, with extra time built in for turning. This equates 
to just over seven laps with the assumed battery lifespan. This would lead to an expected score 
of 105. 
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Figure 3.6.1: Rocket Performance Diagram 

The results from Figure 3.6.1 are based on the initial water height being set to nineteen percent 
of the bottle’s total height. Running the simulation at this percentage the rocket should be able to 
achieve a flight height of roughly twenty meters and a flight time, if parachute deploys properly, 
of fourteen seconds.  
 

 
Figure 3.6.2: Thrust Required Aircraft 

Figure 3.6.2 depicts the thrust required of the aircraft plotted against its velocity. This graph was 
obtained from the straight level unaccelerated flight calculations and the stall velocity can be 
pulled from this graph. The predicted stall velocity is about 21 feet per second.  
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Figure 3.6.3: Rate of Climb Aircraft 

Figure 3.6.3 depicts the aircraft’s rate of climb as a function of the velocity, the rate of climb is 
important in regards to power available and power required. Following takeoff, the aircraft will 
need to climb to a cruise velocity where it will perform the design challenge.  
 

 
 

Figure 3.6.4: Power Required for Aircraft at Varying Cruise Velocities 
The power required curve is shown in Figure 3.6.4  for varying cruise velocities. This is a critical 
value to relate to battery aspects and to determine how fast the aircraft can fly given the supplied 
power.  
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Figure 3.6.5: Time of Flight for Aircraft at Varying Cruise Velocities 

Figure 3.6.5 relates the total time of flight for varying cruise velocities. With the initial 
assumptions, this plot states that for the maximum duration of flight the cruise velocity must be 
just shy of 5 meters per second, which is just above the stall velocity. 

 

 
Figure 3.6.6: Laps Completed by Aircraft at Varying Cruise Velocities 

Figure 3.6.6 is likely one of the most important data plots created. This shows the total number 
of laps that could be completed based off of the cruise velocity. This yields an ideal cruise 
velocity of 6 meters per second. Although the base assumptions will likely change throughout 
the duration of this project, this plot will be updated to provide an optimization for the most 
beneficial cruise velocity to maximize score. 
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3.7 - Sensitivity of Design to Assumptions 
Because so many assumptions were utilized in this conceptual design, it can be assumed 

there is a fair amount of error stemming from calculations. Figure 3.7.1 shows an example as to 
how small adjustments in assumptions can lead to larger changes in important values, 
specifically the coefficient of drag for the airplane as a function of altering aspect ratio and 
Oswald Efficiency values. 
 

 
Figure 3.7.1: Drag Coefficient for Aircraft 

 
Figure 3.7.1 plots an Oswald Efficiency Factor varying by 0.5 and an Aspect Ratio varying by 
the same amount. From the highest to the lowest coefficient of drag, there is a 12% change, with 
the aspect ratio only changing by 4 and the Oswald Efficiency by 0.35. This is an enormous 
difference that would factor into predicted performance, optimization, and design, and shows 
how sensitive initial assumptions can be. 
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Figure 3.7.2: Varying Lift Coefficients for Aircraft 

 
Figure 3.7.2 shows four coefficients of lifts plotted at varying cruise velocities. This plot shows 
the sensitivity as to how a coefficient of lift calculation can be altered by assumptions made 
about the required lift of the aircraft. The “SLUF CL” calculates the lift coefficient strictly by 
assuming straight, level, unaccelerated flight, equating the lift needed in cruise to the weight 
exactly. The “TURNING CL” multiples the required lift of the “SLUF CL” by two to account 
for estimated extra lift required during turning in flight. The “F.S. CL” applies a factor of safety 
of 1.5 to the “TURNING CL” to assure ample performance. These are all plotted against the 
maximum lift coefficient of the Clark Y airfoil at a Reynolds number of 100,000 ( )..4  CL = 1  
They all converge to approximately the same value as the velocity increases. 

Accounting for these large changes is difficult, but the future plan for Team Mustang 
includes finalizing legitimate values for these assumptions to obtain more accurate results. When 
assuming a maximum larger lap length (150 m) and a slower cruise velocity at 4.5 meters per 
second with extra time for turning and take off and landing, this only leads to just over three laps 
being flown by the aircraft rather than the initial seven. This results in a final score of only 45 
points, 42% of the original estimate. If the rocket air time is also reduced by five seconds, the 
final score is reduced to 30 points, just 28% of the initial estimated score. These ranges are 
incredibly large due to the uncertainties of the assumptions. This will be changed in the 
following Preliminary Design Review, where tests will be performed to achieve legitimate data 
values to improve performance predicting code and optimization of the aircraft and rocket. 
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Chapter 4 - Preliminary Design 

4.1 - Verification of Critical Assumptions 
Before finalizing the design of the aircraft and payload, Team Mustang performed 

various tests to verify critical assumptions. Many assumptions still remain in place due to our 
aircraft not being constructed, such as the profile drag. These assumptions were still 
complemented by other tests and more intense research to determine more legitimate values. 
Team Mustang specifically participated in a variety of tests while teaming together with other 
teams to determine official values for critical assumptions. Table 4.1.1 shows all of the tested 
critical assumptions and reaffirmed assumptions. 

Table 4.1.1 - Verification of Critical Assumptions of Aircraft 

Variable New Value Initial Value Percent Change 

Turning Radius (m) 8 10 -20% 

Lap Length (m) 178 125 43% 

Cd 0* 0.05 0.075 -33% 

CL Max* 1.3 1.4 0% 

CL 0* 0.3 0.4 -25% 

Cruise Velocity (m/s) 6 10 -40% 

Mass (kg)* 2.192 1.4 57% 

Rolling Coefficient 0.05 0.03 66% 

Oswald Efficiency* 0.8 0.85 -6% 

Battery Efficiency 0.8 N/A 0% 

Motor Efficiency 0.22 N/A 0% 

Max Thrust (N) 5.886 20 -71% 

Mass of Aircraft Comp. 352 N/A 0% 

Battery Lifespan Max Thrust (s) 360 120 200% 

Max Current 14 18 -22% 

Empty Mass of Rocket (kg) 0.112 0.042 166% 

Total Rocket Mass (kg) 0.372 0.102 264% 

Rocket Body Cd 0.45 0.8 -44% 

Parachute Cd 0.68 1.6 -58% 

Discharge Coefficient 0.84 0.7 20% 

Reynolds Number 80419 100,000 -19% 
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*Values just updated - not verified by a test, only primary research. 
To bring this table together, Team Mustang participated in various rocket parachute tests to 
determine parachute coefficients of drag, a battery stress test to determine the degradation of 
maximum thrust available over time, the lifespan of the battery at maximum thrust, the current 
supplied at max thrust over time, the current at various throttle ticks, and the discharge 
coefficient of the rocket. The following images show some of the tests being performed and the 
equipment used. 

 

 
Figures 4.1.2 (Top Left), 4.1.3 (Top Right), 4.1.4 (Bottom Left), 4.1.5 (Bottom Right) - 

Verification of Assumptions 
 

Figure 4.1.6 below shows the results from the battery and thrust tests. For the first two top plots, 
current and thrust were measured at each throttle tick on the controller. This utilized a PVC pipe 
apparatus securing the motor and propeller pointed down all on top of a weight scale. The 
negative weight from the scale was recorded as the thrust and plotted. This is shown in Figure 
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4.1.4. The current was recorded at each tick mark twice. The same PVC apparatus was used for 
the bottom two plots, where the battery was recharged, then the throttle was set to maximum. 
The thrust value decreased over time proportionally to the decreasing current over time.  

 
 

 
Figure 4.1.6 - Current and Thrust Test Results 

Note that the Reynolds number calculated in Table 4.1.1 is calculated through Equation 
4.1.1: 

e vc/μ  R = ρ (4.1.1) 

4.2 - Overall System Design 
The base aircraft design will utilize the provided electronics and motors from the 

HBZ3100 kit provided. These components make up the majority of the system design, while the 
fuselage, tail, and wings will be constructed out of laser cut balsa wood. The provided landing 
gear from the kit will also be utilized. Various 3D printed parts will assist in the design. For the 
rocket design, a 3D printed nose cone and fins will be attached to the rocket body, with pieces of 
other two liter bottles assisting the designs performance. A canvas 24 inch parachute will be 
taped to the top of the 2 liter bottle under the nose cone. Each piece with the corresponding 
masses of every part are shown in Table 4.2.1: 
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Table 4.2.1 - System Parts and Masses 

Part Mass (g) 

Rocket Nose Cone 36.5 

Rocket Fins 20 

Rocket Tape 5 

Rocket Parachute 6 

Rocket Body 45.5 

3 Control Surface Servos 76 

Motor 115 

Battery 95 

Electronic Receiver and Transmitter 11 

Landing Gear 30 

Screws, Mounts, Rubber Bands 25 

TOTAL ROCKET 113 

TOTAL AIRCRAFT 386.5 

TOTAL COMBINED (without water) 499.5 

 
Each of the electronic aircraft components will be connected by wires throughout the fuselage. 
The transmitter will be encased and secured to a 3D printed case behind the wings to minimize 
drag. The Motor will be screwed into a 3D printed mount built into the fuselage. The three 
servos included for the three control surfaces will be mounted on the fuselage close to their 
respective control surface. Wire extensions may be required depending on the final length of the 
fuselage. The landing gear will be secured into a 3D printed mount in the fuselage just below the 
wing. The rocket will feature four fins and a nose cone all 3D printed and rest partly in the 
fuselage and partly below the wings. 

4.3 - Wing Aerodynamic Design 
As discussed in prior sections, the wing will be a straight, rectangular, high wing 

comprised of a Clark Y airfoil. The Clark Y airfoil was again chosen for its reliable performance 
and the flat bottom which will work appropriately with a monokote application. Here, obviously, 
the focus is on ease of manufacturing. Further optimization was performed to determine the 
chord, span, and aspect ratio. This optimization was performed using Excel and the results are 
shown below in Figure 4.3.1: 
 
 

Team Mustang - Page 36 



Laps Completed

 
Figure 4.3.1 - Aerodynamic Optimization 

Here, a varying chord is plotted against the aspect ratio while the span varies. The chord 
length varies from 0.0762 meters (3 inches) to 0.28881 meters (1 foot). The aspect ratio varies 
from 2 to 7.8. The cells each calculate the number of laps completed using the calculated cruise 
velocity of 6 meters per second and other variables. The best values are seen in the reddish hue, 
while the worst values are seen in green. Obviously, the higher the aspect ratio, the better the 
performance. However, the larger aspect ratios will be limited by the structural integrity of a 
longer span. This specific optimization yields a chord length of 0.24405 meters, and an aspect 
ratio of 7.8, which yields a span of 1.9 meters. This would allow for over 27 laps to be 
completed, leading to a total score of 405 with the current rocket airtime of 15 seconds. If a more 
realistic span of about 1 to 1.5 meters is chosen, 23 laps can be completed at the same ideal 
chord of 0.24405 meters and an aspect ratio of 6, which yields a span just shy of 1.5 meters. This 
determination falls in the optimization of the wing structural design. In a future model of this 
optimization, it will account for takeoff and other aspects. This optimization largely depends on 
cruise velocity, lap length and proportionally turning radius, profile drag, and the weight of the 
aircraft. An end goal for this optimization will also account for an increase in weight as the span 
and aspect ratio increases, and simultaneously optimizing that while meeting the structural 
integrity requirements and maximizing the performance. 

A decision on the location of ailerons was also made. It was decided that they would be 
placed as close to the outer edges of the wings as possible to increase their impact on stability. 

4.4 - Wing Structural Design 
With the wing aerodynamic optimization calling for a high aspect ratio and a span 

potentially exceeding 1.5 meters, structural optimization is critical. The wing is a simple straight 
rectangle, allowing for an easier structural analysis. This specifically will optimize weight versus 
span, limiting the aspect ratio and allowing to achieve the best aerodynamic results. This will 
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also optimize the size of the supporting wing spars, number of spars, and the number of airfoil 
ribs in each wing. Each wing will be attached to the fuselage via a 3D printed mount. This allows 
for ease of customization around the rocket bottle which will be a part of the fuselage. If 
allowed, the ribs will be cut out of foam, supported by carbon fiber spars. Ideally three spars will 
be utilized, with two in the middle on the top and bottom of the ribs, and then one more at the 
front. This will give maximum survivability in the event of a crash. The wings and spars will fit 
into 3D printed mounts glued into the fuselage. 

If carbon fiber spars are used, this will likely limit customization and optimization of the 
sizes as McMaster-Carr only sells three sizes of square carbon fiber tubes. This would also 
eliminate the need for structural analysis of wing loading (excluding optimizing the number of 
ribs) because any forces experienced by the aircraft in flight would not nearly lead to any type of 
failure in the supporting struts as the tensile and compressive strength of carbon fiber is 
enormous.  If balsa wood is used, this opens up potential to customize the sizing, as a long piece 
of balsa wood could be laser cut into conceivably any size and shape. However, the balsa wood 
is not structurally sound and could lead to catastrophic failure in the event of a crash. It is 
lightweight and cheap, but if the wing spars break in a crash, it is likely that the wings will not be 
salvageable. More research into options available to purchase for both materials needs to be done 
before determinations on structural aspects can be made. 

Early structural determinations based on a lot of assumptions are calling for an estimate 
of 8 ribs per wing for 16 ribs in total, along with the 3 wing spars mentioned prior for each wing 
to hold each rib together. For the final design review, ribs will be made out of both foam and 
balsa wood and weighed along with the spars to allow for a more accurate weight prediction. The 
wings will be covered with monokote and constructed out of balsa wood and glue to secure the 
wood together. 

4.5 - Fuselage Structural Design 
The fuselage, that will be constructed entirely out of balsa wood, will feature three 

bulkheads. The first bulkhead will be located at the front of the fuselage to mount the motor and 
secure the components of the propeller. The remaining two bulkheads will be located before and 
after the wing to provide structural stability. Stringers, also made of balsa wood, will be placed 
along the high stress areas of the fuselage to stiffen the structure and prevent catastrophic 
damage in the event of the crash. The belly of the fuselage will be open. The purpose of having 
an open belly fuselage is to secure fifty percent of the payload within the aircraft and the other 
fifty percent of the payload will be outside the aircraft. The goal is to design the fuselage so that 
it hugs the payload tightly and that it will be able to slot in airtight. The advantages of having the 
fuselage encompass the payload are that drag will be significantly reduced when flying and that a 
standard tricycle landing gear system can be used without requiring an abnormal clearance 
height.  
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4.6 - Payload System Design 
Rocket Design 

The payload that is to be carried by the aircraft for the entire duration of its flight is a 
2-liter bottle (“rocket”). The goal is to build a rocket that can stay aloft for the longest period of 
time, the original bottle cannot be altered in anyway. Team Mustang will be adding four 
components to the original rocket to maximize time aloft. The first attachment is a 3D printed 
nose cone. When the pressurized rocket is launched the nose cone will reduce drag which will 
allow for the rocket to achieve its maximum height. In addition to the nose cone the rocket will 
also feature three 3D printed fins to increase aerodynamic performance. Both the nose cone and 
fins were 3D printed to save on weight without compromising structural stability. In the photo 
below, on the right, you can see the nose cone and fins and how they will be attached to the 
rocket.  
 

 
Figure 4.6.1 - Rocket Prototype 1 and Parachute Options 

Third, we plan to take a second 2-liter bottle which will be cut in half, and the top half of the cut 
bottle will be slid onto the original rocket. This will extend the overall length of the rocket and 
provide a more stable flight. The last attachment to the rocket that will help increase time aloft is 
the addition of a parachute. The parachute will be folded up and located under the nose cone. In 
theory, once the rocket stops accelerating upwards and gravity takes control, the nose cone will 
detach allowing the parachute to unfold and inflate. Two parachutes were tested, both are 
featured in the photo above on the left. The blue checkered parachute is 18 inches and made of 
plastic where the red parachute is 24 inches and made of nylon. Although the nylon is heavier 
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than plastic it was able to inflate better after being folded and was aloft longer. The red parachute 
is larger which will increase drag during the rockets descent increasing the time aloft.  

4.7 - Propulsions System Design 
Propulsion 

Team Mustang’s aircraft will be powered by a single motor with the propeller fixed as a 
tractor opposed to a pusher orientation. The motor selected for the aircraft is that of the original 
HBZ3100 kit, we will be flying with the 370 BL Motor, with  1300Kv and three 3.5mm bullet 
connectors. This single prop aircraft will be required to sustain itself during flight as well as 
carry the rocket payload. To provide the best performance the aircraft is expected to cruise 
around 6 m/s with a stall velocity of around 3.3 m/s. The power required of the aircraft was 
determined by taking the thrust required multiplied by velocity and dividing that by power of the 
battery, further this quantity was then divided by the efficiency of the battery. The power 
available of the aircraft was determined through experimental testing. The motor is powered by a 
1300mAh 3S 11.1V 20C LiPo battery that will be situated in the fuselage of the aircraft.  
 
Structural Design 

The propeller will be located at the front of the aircraft in tractor orientation. Components 
of the HBZ3100 kit will be implemented for stability and aerodynamic profile. The power 
components will largely be located in the fuselage, with the motor shaft and the motor more 
likely to be in the nose of the aircraft. The propulsion system will constructed in the same 
manner as the HBZ3100 kit with the plastic cowl and spinner supporting the propeller. To adhere 
the plastic component to the balsa wood frame a cyanoacrylate glue will be used. The glue 
(“Super Glue”) was chosen instead of an epoxy because of its advantageous adhesive properties. 
Another reason for the selection of a glue is that come flight day in the event of a crash, it will be 
faster to make any repairs with a super glue opposed to an epoxy.  
 
Controls 

Two types of servos will be featured in the aircraft. The first, being, the SV80 Long Lead 
Servo that will run through the nose of the aircraft to provide power to the propeller. The second, 
being, the DSV130 3-Wire Digital Servo Metal Gear which will provide power to the elevator on 
each wing and rudder on the tail.  
 
Radio Control  

A DXe DSMX transmitter will be used for the aircraft. The transmitter operates on a 
bandwidth of 2.4 GHz. The transmitter supports three flight modes and is powered by four AA 
alkaline batteries. Most likely the two most important pre-programmed features of this radio 
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controller are the specific channels for throttle, elevator, and rudder, as well as the 
bind/panic/return home button for safe flight and retrieval of the aircraft.  

4.8 - Tail Design 
Due to a largely high payload mass comparable to the aircraft mass, stability and the ability to 
quickly return to an equilibrium cruise is crucial. This is why the tail design is absolutely 
essential. Source #13 from the Massachusetts Institute of Technology details that typical ranges 
of horizontal and vertical tail aspects in radio controlled aircraft are as shown below: 

.3≤ .6  0 V H ≤ 0  
.02≤ .05  0 V V ≤ 0  

Where is the horizontal tail volume coefficient and is given by Equation 4.8.1: V H  
V H = Sc

S lH H (4.8.1) 
And is the vertical tail volume coefficient and is given by Equation 4.8.2: V V  

V V = Sb
S lV V (4.8.2) 

Both of the above equations depend heavily on the tail moment arm, specifically the distance 
from the tail to the aerodynamic center. A range for this value was determined to be between 0.3 
and 0.65 meters. 

For an overall design, the tail will utilize a flat plate in a conventional model and utilize 
two servos for the rudder and elevator deflection. The wires connecting these servos to the 
battery and other electrical components will run through the fuselage and be held down with 
command strips. A small landing gear wheel will also be placed at the base of the tail to satisfy 
the tail dragger model. The tail will not require a very strong system to secure it to the fuselage 
as the forces generated by the tail are minimal compared to the wings. The tail surfaces will also 
be covered in monokote on top of the balsa wood and glue construction. The vertical tail will be 
offset slightly from the horizontal tail surface to allow simultaneous movement of both control 
surfaces without interference. The current tail dimensions are displayed below in Table 4.8.1:  
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Table 4.8.1 - Tail Dimensions 

Horizontal Tail Surface 

Area (cm^2)SH  450 

Span (cm) 30 

Chord (cm) 15 

Vertical Tail Surface 

Area (cm^2)SV  225 

Span (cm) 22.5 

Chord (cm) 10 

 

4.9 - Landing Gear Design 
The landing gear design that will be implemented for this project is the tricycle landing 

gear formation. The tricycle formation features a single wheel under the nose of the aircraft and 
pair of wheels slightly aft of the center of gravity. Tricycle gear aircraft are typically easier to 
take-off and land. Provided the given flying environment and past experiences with turf take-off, 
the tricycle system was chosen opposed to skids. The wheels to be used are that of the HBZ3100 
that are made of foam. The nose gear wheel will be inserted into the balsa body of the aircraft 
and be fastened by the provided screws. The main landing gear that is comprised of two foam 
wheels attached by an aluminum rod will be attached just aft of the center of gravity. Since the 
main landing gear will be experiencing the majority of the load during take-off and landing, on 
top of the screw fasteners, some form of tape may be added to secure the rod to the underbelly of 
the fuselage. The driving factor of landing gear selection was payload attachment. The tricycle 
landing gear provides enough ground clearance that allows for the payload to situated under the 
aircraft which gives way to overall better aircraft performance.  

4.10 - Weight and Balance 
As mentioned in section 4.2, the mass of every provided part and current rocket prototype 

were measured and reported in Table 4.2.1, which was reposted here for convenience. This 
yields a total mass of 0.449 kg without water, just the electronic parts, and the current rocket 
prototype weight. Team Mustang is still assuming an approximate mass of 1.7 kg for the empty 
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plane. This accounts for the monokote, glue, balsa wood structure, screws, and 3D printed parts. 
When this is factored in, the total assumed mass is 2.192 kg. For the Final Design Review, a 
CAD version of the aircraft will be created. This will allow precision measurement of mass and 
more importantly - the center of gravity. Both Solidworks and Autodesk Inventor have the ability 
to calculate the exact center of gravity in an assembly. This will be utilized to confirm the 
calculated center of gravity. Computational fluid dynamics software will be utilized to confirm 
the aerodynamic center, specifically the CFD package in ANSYS. 
 

Table 4.2.1 - System Parts and Masses 

Part Mass (g) 

Rocket Nose Cone 36.5 

Rocket Fins 20 

Rocket Tape 5 

Rocket Parachute 6 

Rocket Body 45.5 

3 Control Surface Servos 76 

Motor 115 

Battery 95 

Electronic Receiver and Transmitter 11 

Landing Gear 30 

Screws, Mounts, Rubber Bands 25 

Total of Rocket Prototype 1 (no water) 113 

Total Aircraft Components 386.5 

Total Combined (without water, balsa wood) 499.5 

Assumed Final Aircraft Empty Mass 1700 

Total Mass with Assumed Aircraft Mass (with water) 2192 

4.11 - Longitudinal Stability 
Longitudinal stability is an absolutely critical area to focus on to maintain flight 

performance. Specifically, and equations and curves need to be created an analyzed to Cmα  Cm0  
ensure longitudinal stability. This specifically deals with the location of the center of gravity, 
ensuring it is forward of the aerodynamic center. This allows the plane to pitch down in the event 
of a stall, and not get caught in a stall and lose control. For rectangular wings, the aerodynamic 
center is at the quarter chord. Therefore, the center of gravity must be placed forward of this 
point. The following two equations will be analyzed to determine this exact location: 
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V C (ε ) V C (ε )  Cm0 = Cm0w
+ Cm0f

+ η H LαT 0 + iw − it − η H Lαc 0 + iw − ic (4.11.1) 

( ) V C (1 ) V C (1 )  Cmα = CLαw c
xcg − c

xac + Cmαf
− η H LαT

− dε
dα + η H Lαc

− dε
dα (4.11.2) 

 
Making the assumption that downwash is negligible, and that the aircraft does not have a canard, 
and the fuselage effects are negligible, the equations can be simplified to equations 4.11.3 and 
4.11.4: 

V C (ε )  Cm0 = Cm0w
+ η H LαT 0 + iw − it (4.11.3) 

( ) V C )  Cmα = CLαw c
xcg − c

xac − η H LαT
(4.11.4) 

Once further determinations about the wings and tail are confirmed, these equations can 
be solved. This will be done by assuming the angle of attack for zero lift on a Clark Y airfoil in a 
low Reynolds number environment. This will then yield the moment coefficient about the airfoil, 
which should be similar to the moment about the aerodynamic center. With no tail incidence set, 

should also reflect a similar value. According to other R/C models at low Reynolds Cm0  
numbers, this is a typical expectation. 

Utilizing source #11, a Clark Y airfoil at a Reynolds number of approximately 100,000 
should see a moment coefficient of -0.06 at a 0 degree angle of attack, and a zero value moment 
coefficient at an angle of attack of -5 degrees, as seen in Figure 4.11.1. Ideally, this plot should 
see a negative slope for a positive alpha to show stability, as seen in Figure 4.11.2. That is the 
general expected plot we plan to achieve after calculating the center of gravity 

 
Figure  4.11.1 - Clark Y Cm v Alpha; Figure 4.11.2 - Expected Cm v Alpha 

MIT and source #13 suggest a range for the stability margin ratio to be between 0.05 and 0.15. 
The stability margin is given by Equation 4.11.1. This will be accounted for in future 
optimization. Ideally, a more stable aircraft is desired in this scenario, so a much larger static 
margin is desirable. A smaller static margin yields a less stable but more responsive aircraft 
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.M . S =  c
x −xnp cg (4.11.1) 

4.12 - Updated Predicted Performance 
The predicted performance was recalculated utilizing all of the new inputs and 

assumptions. Team Mustang utilized the same method from section 3.6 and equation 3.6.1. The 
team’s score increased by over 300% from the initial prediction which only predicted seven laps. 
This number was drastically low due to a battery lifespan estimation of only 120 seconds. The 
newly written code with the old CDR inputs predicts close to 90 laps, which would yield a score 
of 1350. The new predicted score of 423 is a 68% decrease from this score. 

The first adjustments came from re-optimizing the amount of water in the bottle rocket, 
adding official coefficient of drag values for the bottle and parachute, and recalculating the full 
weight. This yielded a time aloft of nine seconds, a 40% decrease from the original estimation of 
15 seconds aloft. This is likely due to the coefficient of drag of the parachute decreasing by 
nearly 50% from the original value after testing. Figure 4.12.1 shows the result of the predicted 
rocket performance. 

 

Figure 4.12.1 - Rocket Predicted Performance 
The aircraft performance was also replotted and re-optimized. Figure 4.12.2 shows the current 
and power required plots for the new aircraft inputs at a variety of inputs. The chosen cruise 
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velocity of 6 meters per second lies in the initial few set of points where the slope is minimal, 
which is ideal for extending battery life and increasing the number of laps able to be completed. 
 

 
Figure 4.12.2 - Rocket Predicted Performance 

 
The time of flight was also plotted as seen in Figure 4.12.3. This surprisingly predicts a 

lower cruise velocity to be optimal compared to the number of laps completed. The predicted 
value here is 4.5 meters per second, which is approaching the stall velocity of 3.33 meters per 
second. There is a rapid drop off in time of flight after this value, leading Team Mustang to 
reaffirm the confirmed cruise velocity of 6 meters per second, as explained in the laps completed 
plot of Figure 4.12.4 below. 
 

 
Figure 4.12.3 - Rocket Predicted Performance 

 
Figure 4.12.4 shows the total laps completed at varying velocities. This was chosen to verify the 
cruise velocity of 6 meters per second because lap count is the driving design factor. This plot 
peaks at 6 meters per second and then sees a sharp decline in performance as the velocity 
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increases. This was expected, but Team Mustang had initially predicted a cruise velocity of 
approximately 10 meters per second. This coincides with the approximate optimal speeds 
described in Figures 4.12.2 and 4.12.3. This predicts just shy of 50 laps being completed, which 
is a great prediction for Team Mustang’s score. 50 laps is a 614% increase from the original 7 
lap prediction. This code will be updated for the final design review to account for takeoff and 
landing battery usage. 
 

 
Figure 4.12.4 - Rocket Predicted Performance 

 
To summarize the updated performance parameters, Table 4.12.1 is provided to show every 
finalized value appropriate to predicted performance, along with the predicted score of 423. This 
is again given by Equation 3.6.1 and utilizes the number of laps completed and the time aloft for 
the bottle rocket. Team Mustang is pleasantly surprised with these results, and although they will 
likely decrease when more realistic values and risks are accounted for in the final design review, 
this is a promising base prediction. Team Mustang would be ecstatic achieving half of the 
predicted 47 laps performed with an approximate total score of 200.  
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Table 4.12.1 - Updated Performance Parameters 

Chord (m) 0.2 

Span (m) 1.25 

AR 6.25 

Cruise Velocity (m/s) 6 

Airplane Mass (kg) ~1.7 

Time of Flight (s) ~1500 

Number of Laps Completed 47 

Rocket Parachute Choice 24 inch Canvas 

Rocket Parachute Cd 0.68 

Rocket Weight (kg) 0.372 

Percent of Water 19% 

Time Aloft 9 

Total Mass (kg) 2.192 

  

Total Score 423 
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Chapter 5 - Final Design Review 

5.1 - CAD Model of Aircraft 
The following images show a visual representation of our aircraft, generated using 

SolidWorks computer-aided design. This model does not include the Monokote liner or any 
propulsion, electronic, control systems. This model reflects accurate materials, with the wings 
and tail constructed out of balsa wood, the fuselage constructed out of a thin-walled PVC tube, 
and the engine mount and rocket components 3D printed with PLA plastic. 

This CAD model allowed for the confirmation that the center of gravity is forward of the 
aerodynamic center (the quarter chord for straight rectangular wings.) This model features eight 
custom designed and 3D printed parts. All are shown in blue. At the front of the fuselage is the 
motor mount, which was created at an angle to account for the torque generated by the motor 
spinning (as is in the original model). The rocket nose cone was redesigned to feature a 
completely circular body instead of a tip. The fins were also thickened and now feature a circular 
curve on the face attached to the body, to allow complete flushness along the body of the bottle. 
Lastly, the bottle will be mounted utilizing zip-ties. These will be held in place by two 3D 
printed motor mounts. 
 

 
Figure 5.1.1 - 3D CAD Model: Oblique Angle 
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Figure 5.1.2 - 3D CAD Model: Front View 

 
Figure 5.1.3 - 3D CAD Model: Top View 
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Figure 5.1.4 - 3D CAD Model: Back Angle 

5.2 - Manufacturing Process 
To create an efficient and effective manufacturing process with quality materials, we 

decided to keep a couple fundamental concepts in mind: Patience and simplicity. The 
manufacturing process is where a lot can go wrong if we did not do it correctly the first time. 
From our materials budget (Section 5.3), we see that a total of $126.91 was spent gathering 
materials. If we rushed the manufacturing process or attempted a complicated and confusing 
assembly method, our chances for aircraft success in test flights drops significantly, and a 
re-build would be a costly process, both financially and with respect to our time and energy.  

Instead, we made the process as simple as we could while maintaining necessary 
precision that any aerospace system calls for. For the wing, airfoil ribs were laser cut out of balsa 
wood using CAD models. These airfoils included notches cut from the outer edges where two 
main spars and 9 stringers could be laid and glued using purple cyanoacrylate (CA) adhesive. 
There were also lightening holes cut from the ribs to lower the weight of our aircraft while still 
maintaining a strong structural capability. The rocket will be assembled separately before being 
attached. The fins will be attached utilizing command strips and tape, with the nose cone taped 
down during flight to hold the parachute down. In the rocket flight, the nose cone will not be 
secured. A balloon will be inserted to prevent water sloshing and secured internally with a bottle 
cap. Before the wing is attached, wires and electronics will be glued and installed throughout the 
fuselage. Then the motor and motor mount will be glued into place. Following installation of the 
dowels, the wing will be installed, and finally the tail. Before all of this happens, appropriate 
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holes will be drilled in the fuselage for both electrical wiring passages and weight reduction at 
the aft of the fuselage (to assist with a more forward center of gravity). The wing features nine 
stringers and two spars, as seen in the images in sections 5.1 and 5.2. More ribs are included in 
the center to provide increased structural integrity along the fuselage. The goal with this wing 
system is to create two or three wings to utilize in the event of catastrophic failure, with easy 
installation featuring the rubber bands. 
 

 
Figure 5.2.1 - Fully Assembled Wing 

 
The wing is to be covered in a Monokote film using a heat iron and gun. The Monokoting 

process will be practiced on a small piece of wing built for practice before being applied to our 
actual wing. This will increase our experience and lessen the likelihood of making a mistake 
while applying Monokote to our final wing. Monokote will also be applied to our vertical and 
horizontal tail sections, which will be built using ⅜” x ⅜” balsa sticks and combined using CA 
adhesive. 

Our fuselage consists of a ¾” x ¾” x 48” rod of square PVC pipe, which will hold all of 
our assembly together. The propulsion system will be secured using space-filling CA glue to the 
“nose” of the PVC pipe. The wiring will be strung inside the hollow PVC pipe and leading to the 
control systems for the wing and tail. Holes will be drilled through the PVC where necessary to 
allow wiring to exit and connect to the control systems. The wing will be mounted on the 
fuselage using rubber bands wrapped diagonally across the center of the wing and connected to 
dowels protruding from the fuselage. The tail section will be connected using space-filling CA 
adhesive at the rear of the fuselage. Our landing gear will be held in place by cutting small 
notches in the fuselage and fitting the wire bar connecting the wheels into the notch, then 
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fastening it in place with space-filling CA adhesive. All control systems will be connected using 
space-filling CA adhesive to ensure strong bonds and light weight. Finally, our bottle rocket will 
be secured to our aircraft using large, thick zip ties held in place longitudinally by space-filling 
CA adhesive. 

With this easy manufacturing process in mind, every part is easily replaceable in the 
event of catastrophic failure. The fuselage was picked to prevent any failure and provide 
immense structural integrity. Every part along the fuselage can easily be replaced or resecured if 
necessary. 

5.3 - Budget 
To determine our total financial contributions to our aircraft, we used a spreadsheet 

calculator that included item, quantity and cost to add our total projected total from the items we 
purchased. A picture of this spreadsheet can be seen below: 
 

 
Figure 5.3.1 - Budget Spreadsheet 

5.4 - Operational Plan (Flight and Ground Handling) 
After much consideration and deliberation, Mike Aiello has been selected to pilot our 

aircraft during our final flight demonstration. Mike has the most experience flying RC aircraft, 
and is the most familiar with the control system provided.  

To prepare for the operation of our home-made aircraft, Mike will first practice using the 
control system on the HBZ 3100. This will refresh Mike’s knowledge of the control system and 
provide a stable platform for re-learning the controls. From there, we will proceed to disassemble 
the HBZ 3100 and attach the control systems to our aircraft. Before we take our hard work to the 

Team Mustang - Page 53 



skies, we will hold the plane stationary and test all electronics in a controlled and risk-free 
setting to make sure all parts work as expected. Next, we will take to the Carrier Dome. 

One of our biggest goals is to be able to take off our aircraft from the ground, so we will 
be testing our airplane with our bottle rocket attached and weighted. First we will attempt to 
achieve SLUF just a couple feet off the ground. The next flight we will test the pitch of our 
aircraft angling the nose up and down to test ability to change altitude. When we feel 
comfortable controlling pitch, we will move to banking maneuvers, starting gradual and slowly 
steepening the radius of curvature. Finally, we will attempt to put it all together and attempt to 
complete the design requirement: figure 8 maneuvers across the entire football field. These test 
flights will take place both on our own time and during the provided shake-down flight time. 

This crawl-walk-run methodology to flight and ground handling will maximize our 
confidence flying our aircraft by minimizing the risk we are taking into intervals. This way, if a 
crash does happen, it happens under our controlled conditions, and any damages can be prepared 
for. This method may sound slow and tedious, but it is also steady and careful, minimizing 
potential time being wasted making large repairs after catastrophic crashes due to rushing the 
operational process. 

5.5 - Expected Performance 
From our most recent numbers and parameters set or our aircraft, we expect our aircraft 

to weigh a total of 975 grams, and our rocket to weigh 550.51g including water. This adds to a 
total weight of 1525.51 grams that will need to be lifted off the ground.  

Updating our performance code yielded a total of 20 laps expected to be completed by 
our aircraft, and a rocket time aloft of 6 seconds. In total, our expected score for the project is 
expected to be 120 points. Below, figure 5.5.1 shows the updated performance with the new 
parameters, and figure 4.12.1 shows the original laps flown with regard to cruise velocity. It is 
acknowledged that predicting the number of laps based off of cruise velocity is difficult as the 
velocity will likely vary. However, the predicted number of laps of 20 now agrees with the 
predicted performance shown in Figure 4.3.1 when utilizing the updated weight and new span 
and chord parameters. This figure again calculates the laps flown based off of the chord and 
span. 
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Figure 5.5.1 - Updated Performance 
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Appendix B: MATLAB Code 

Rocket code 
% Team Mustang 
% Bottle Rocket Simulation 
% Michael Aiello 
 
clc 
clear all 
 
% Fuel height 
h_initial = 0.06384; %m 
 
% Velocity 
V_initial = 0; 
 
% Height 
y_initial = 0; 
 
% Call Function  
[t,xyz] = ode45(@ode45fun,[0 30], [h_initial V_initial y_initial]); 
 
terminal_landing = find(xyz(:,3)< 0,1); 
 
hh = xyz(:,1); 
VV = xyz(:,2); 
yy = xyz(:,3); 
 
% Plots 
figure 
subplot(3,1,1) 
plot(t(1:terminal_landing),hh(1:terminal_landing)) 
title 'Fuel Height v Time' 
xlabel 'Time (s)' 
ylabel 'Fuel Height (m)' 
hold on 
subplot(3,1,2) 
plot(t(1:terminal_landing),VV(1:terminal_landing)) 
title 'Velocity v Time' 
xlabel 'Time (s)' 
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ylabel 'Velocity (m/s)' 
hold on 
subplot(3,1,3) 
plot(t(1:terminal_landing),yy(1:terminal_landing)) 
title 'Flight Height v Time' 
xlabel 'Time (s)' 
ylabel 'Flight Height (m)' 
 
% Function Integrator 
function [states] = ode45fun(t,xyz) 
h = xyz(1); 
V = xyz(2); 
y = xyz(3); 
 
if h < 0  
    h = 0; 
end 
 
% Input Measurments 
h_initial = 0.06384;  
CD = 0.45; 
rho = 1.225; %kg/m^3 
R = 0.05075; %m 
m_empty = 0.112; %kg 
rho_h2o = 1000; %kg/m^3 
H = .336; %m 
g = 9.81; %m/s^2 
P_initial = 344738; %Pa 
CDSC = 0.84; 
Pinf = 101325; %Pa 
r = .02; %m 
 
% Drag Equation  
Drag = CD.*.5.*rho.*(abs(V).*V).*(pi.*(R.^2)); 
 
if V < 0 
    CD = .68; 
    ParaArea = .6096; %24inches to m 
    Drag = CD.*.5.*rho.*(abs(V).*V).*(ParaArea); 
end 
  
% Rocket Weight 
m = m_empty + rho_h2o.*h.*(pi.*(R.^2)); 
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Weight = m.*g; 
 
% Components of Thrust Equation 
Ptank = (P_initial.*(H - h_initial))./(H - h); 
 
if h == 0 
    Ptank = Pinf; 
end 
 
Pn = Ptank + rho_h2o.*g.*h; 
 
Vn = CDSC.*(sqrt((Pn-Pinf)./(rho_h2o))); 
m_dot = rho_h2o.*Vn.*(pi.*(r.^2)); 
 
% Thrust Equation  
Thrust = Vn.*m_dot; 
 
% States 
states = zeros(size(xyz)); 
states(1) = -m_dot./(rho_h2o.*(pi.*(R.^2))); 
states(2) = (Thrust - Drag - Weight)./m; 
states(3) = V; 
 
end 
 

Airplane code 
% Team Mustang 
% Airplane Simulation 
% Michael Aiello 
 
% Airplane Characteristics 
% Flight time (12-15mins) 
W = 2.192; %kg                                 % weight 
S = 0.25; %m^2                                 % wing area 
b = 1.25; %m                                   % span 
AR = (b.^2)./S;                                % aspect ratio 
CDo = 0.0500;                                  % parasite drag 
e = 0.8;                                       % oswald effeciency  
CLmax = 1.0;                                   % max lift coefficient 
rho = 1.225; %kg/m^3 (sea level)               % density  
V_cruise = 13; %m/s                            % cruise velocity  
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Imax = 18;                                     % max current draw 
Iavg = 10;                                     % average current draw 
motor_eff = 0.22;                              % motor efficiency  
CDroll = 0.25;                                 % roll coefficent  
BatteryEff = 0.25;                             % battery efficiency  
wingheight = 0.35; %m                          % wing height from ground 
phi = ((16*wingheight/b).^2)... 
    /(1+(16*wingheight/b).^2);                 % ground effect 
newtonW = (W.*9.81); %N                        % weight in newtons 
volt = 11.1;                                   % batttery power 
 
% SLUF  
V_stall = sqrt((2.*newtonW)... 
    ./(rho.*S.*CLmax)); %m/s                   % stall velocity 
V = linspace((V_stall+0.001),15,100); %m/s     % velocity range 
q = .5.*rho.*(V.^2);                           % dynamic pressure 
 
Lift = CLmax.*q.*S; %N                         % lift 
  
CL = newtonW./(.5.*rho.*(V.^2).*S);            % lift coefficient 
CD = CDo + (((CL.^2)./(pi.*e.*AR)));           % drag coefficient 
TR = CD.*q.*S; %N                              % thrust required  
 
PR = ((TR.*V)./volt)./BatteryEff; %watts       % power required (amperage) 
PA = 45; %watts                                % power available 
 
RoC = (PA-PR)./newtonW; %m/s                   % rate of climb 
D = CD.*q.*S; %N                               % drag 
V_LO = 0.7*1.2.*V_stall; %m/s                  % liftoff velocity 
V_T = 0.7*1.3.*V_stall; %m/s                   % landing velocity 
 
T = PA./(V_LO); %N                             % thrust 
 
 
% Takeoff 
LO_CL = newtonW./(.5.*rho.*(V_LO.^2).*S); 
LO_CD = CDo + (phi.*((LO_CL.^2)./(pi.*e.*AR))); 
LO_L = LO_CL.*q.*S; 
LO_D = LO_CD.*q.*S; 
 
% Friction Coefficient 
% Assuming Dome Turf is some combination of grass and gravel 
Turf = 0.575; 
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S_LO = (1.44*(newtonW.^2))./(32.2.*rho.*S.*CLmax.*... 
    (T-(LO_D+Turf.*(newtonW-LO_L)))); 
 
% Landing  
t_CL = newtonW./(.5.*rho.*(V_T.^2).*S); 
t_CD = CDo + (phi.*((CL.^2)./(pi.*e.*AR))); 
t_L = t_CL.*q.*S; 
t_D = t_CD.*q.*S; 
 
S_L = (1.69*(newtonW.^2))./(32.2.*rho.*S.*CLmax.*... 
    (t_D+Turf.*(newtonW-t_L)).*(0.7.*V_T)); 
 
% Turning  
g = 9.81; %m/s 
eta = (.5.*rho.*(V.^2).*CLmax)./(newtonW./S); 
R = (V.^2)./(g.*(sqrt((eta.^2)-1))); 
omega = (g.*(sqrt((eta.^2)-1)))./V; 
 
 
% Flight Performance 
length = 60; 
d = 2.*pi.*R +(sqrt((length.^2) + ((2.*R).^2))); 
laptime = d./V; 
batterytime = (1137./(PR.*10.^3)).*3600; %s 
LapNum = batterytime./laptime; 
 
% Array Index locator  
bestflight = find(LapNum>max(LapNum)-0.00001, 1) 
 
 
% Performance Plots 
 
% Plot TR v V 
figure 
hold on 
plot(V,TR) 
title('TR vs. V') 
xlabel('Velocity (m/s)') 
ylabel('Thrust Required (N)') 
 
 
% Plot CL v V 
figure 
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hold on 
plot(V,CL) 
title('CL vs. V') 
xlabel('Velocity (m/s)') 
ylabel('Coefficient of Lift') 
 
 
% Plot PR v V 
figure  
hold on 
plot(V, PR) 
title('PR vs. V') 
xlabel('Velocity (m/s)') 
ylabel('Power Required (watts)') 
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