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Executive Summary: Traffic congestion is a big problem that most people face in their day-today lives. A good way of combating this congestion is to unlock the third dimension through the
implementation of flying cars. Flying cars allow for the traditional “wheels on the ground”
method of transportation while simultaneously letting drivers take to the skies to cover longer
ranges or fly over heavily populated areas. Our proposition is the appropriately named Futuristic
Flying Car. It provides space for four people, a 700-pound carrying capacity, and a range of 400
miles. It also offers the ability to unfold its wings and takeoff at a runway. This paper details the
research and engineering that went into the creation of the Futuristic Flying Car.
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Nomenclature and Symbols
A

aspect Ratio

Awetted

wetted aspect ratio

b

wing span

C

chord length

CD

wing or whole aircraft drag coefficient

CDi

induced-drag coefficient

CD0

drag coefficient at zero lift

Cd

airfoil drag coefficient

Cf

flat-plate skin friction coefficient

CHT

horizontal tail volume coefficient

CL

wing or whole aircraft lift coefficient

Cl

airfoil lift coefficient

CLα

wing or whole aircraft slope of curve

Clα

airfoil slope of the lift curve

Cm

airfoil pitching-moment coefficient

Cmα

pitching-moment derivative with angle of attack

CVT

vertical tail volume coefficient

e

Oswald’s span efficiency factor

FF

form factor term (pressure drag) for parasitic drag calculation

i

incidence angle

J

propeller advance ratio

K

drag due to lift factor

L/D

lift to drag ratio
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LE

leading Edge

M

Mach number

Mcr

critical Mach number

m

total aircraft mass

MDD

drag-divergent Mach number

n

load factor

Q

interference factor for parasitic drag calculation

q

dynamic pressure

R

Reynold’s Number

Rcutoff

Cutoff Reynold’s number

S

Leading-edge suction

Sexposed

exposed wing planform

SFC

specific fuel consumption

T/W

thrust to weight ratio

t

airfoil thickness

t/c

airfoil thickness to chord length ratio

TE

trailing edge

Wdg

flight design gross weight

We

empty weight

Wf

fuel weight

W0

takeoff gross weight

W/S

wing loading

α

angle of attack
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δ

change in a parameter

Δ

wing sweep

γ

flight path angle

η

efficiency

ηp

propeller efficiency

λ

wing taper ratio

μ

viscosity

ρ

air density

σ

air density ratio

Abbreviations and Acronyms
AOA

angle of attack

CAD

computer-aided design

CAS

calibrated airspeed

c.g.

center of gravity

RPM

revolutions per minute

TAS

True Airspeed

TOGW

takeoff gross weight
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Chapter 1: Introduction
1.1 Introduction
Cities are known to have congested traffic. People are stuck for hours each day just to get to
work. This causes extreme stress on the individual person and can even lead to death from stress
induced heart attacks (Harvard*). In this project, city traffic will be tackled by taking the
problem into the third dimension with the flying car.

1.2 Background Information
According to the United Nations Department of Economic and Social Affairs, 68% of the entire
world’s population will be living in cities by the 2050s. The increase of city dwellers will come
with the increase in city traffic. At the same time, the flying car is becoming more feasible for
individuals to own. A sports car has been developed that can switch between driving on the road
to an aircraft in three minutes according to Brad Bregan from Interesting Engineering. This
aircraft needs 1,000 feet of runway to take off and can go up to 124 miles per hour, pictured
below in figure 1.
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Figure 1: The Aircar [6]

1.3 Objectives
The objective of the flying car is to make city traffic not as congested to lessen time wasted in
traffic and lessen the amount of deaths caused by traffic congestion. In order to achieve this
objective, our flying car must reach certain goals. It must be able to hold up to four people and
travel at least 400 miles while being able to reach a speed of 100 miles per hour. The flying car
needs to use a runway of 1000 feet. The key milestones for this project would be designing the
car for safety.

1.4 Problem Statement
Cities are experiencing an increase in population and it is only going to get worse in the coming
years. With this increase in population, so will the traffic problems that are already an issue with
researchers determining the average time wasted by an American Commuter totals at 54 hours
every year according to the Urban Mobility Report in 2019. This not only cost time, but also our
lives. A study from Harvard found that over 2,000 people die as a result of traffic-congestion
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pollution, and this is a conservative estimate as Harvard only considered the death toll from
emission in 83 urban areas. To solve the issue of congested traffic, we decided to go three
dimensional. With a flying car, traffic would no longer be required to stay on the ground,
allowing traffic to move more smoothly through the use of the extra dimensional space. The
hover cars would be equipped with a smart system to communicate with one another and be self
driving to eliminate the human error. This would allow for less time to be wasted, and less lives
to be lost due to congested traffic, seen in Figure 2 below. Congested traffic will be resolved by
using the flying car to take roadways into the third dimension.

Figure 2: Congested City [9]

1.5 Alternative Solutions
The issue with congested traffic can be solved in many different ways. One such solution would
be to increase the amount of people carpooling. This would cut down on the number of cars on
the roads which in turn would lead to less traffic. One way this has been done is by having
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workplaces charge parking fees to have employees carpool with one another. This solution
would add extra stress on top of what people are already dealing with so it isn’t an ideal solution.
Another possible solution would be to increase the number of roadways into and out of the city.
The issue with this solution is that it has been proven time and again that doubling the size of the
road also doubles the amount of cars travelling on it, which does not actually solve the issue.
Improving and expanding subway systems in large cities could potentially reduce some traffic.
However, in doing more research, a study on the Effects of Subway Expansion on Traffic
Conditions: Evidence from Beijing by Jun Yang, Shuani Chen, Ping Qin, and Fangwen Lu
suggests that it does not necessarily decrease the amount of congested traffic. The introduction of
smart self driving cars would also help to decrease the traffic in cities. The cars would be able to
receive live updates on traffic and be able to adjust themselves accordingly. This solution in
conjunction with adaptive traffic signals potentially would reduce the time spent stuck in traffic
dramatically. Another way that has been implemented in some areas already would be the ramp
meters seen in Figure 3. These systems allow for one car to enter the highway every 5 to 6
seconds which allows cars already traveling on the road to be able to keep traveling at the speed
limit without the need to slow down to allow the cars to merge onto the highway. A study
conducted by Minnesota found that when the ramp meters were in use, the highway’s capacity
increased by 9% and travel time decreased by 22%.
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Figure 3: A Visualization of Ramp Metering [21]

Another solution that would decrease the city’s traffic would be to replace some vehicles with
drones, such as package delivery and city government tasks. Drones would be able to deliver
smaller packages allowing less cars and trucks to go into traffic to help alleviate traffic
congestion. Drones would also be able to perform tasks the government needs to do, such as
checking water meters and utility lines. At first, our group was looking into the use of hover cars
for mitigating traffic. However, in doing research, we determined it would not be feasible with
current technology to create a hover car as the current knowledge of how to make things hover
would not be able to make a car hover.
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Chapter 2: Research
2.1 Literature Review (Previous Literature, supporting information, how
have others solved similar problems)
2.1.1 Toward V2I Communication Technology-Based Solution for Reducing Road
Traffic Congestion in Smart Cities
This article goes into the logistics of collaborative decision making in regards to the speed and
position of each individual vehicle. It proposes a “vehicle to infrastructure” communications
network in order to collect information from every vehicle on the road, make calculations, and
then send information back to the vehicles.

Figure 4: Travel Time Estimates [23]

Figure 4 shows that a vehicle to infrastructure communication system reduces traffic congestion
in simulations. The same communication system is applicable to a three-dimensional flying car
traffic system, minimizing travel time further.
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2.1.2 Vehicle-to-Vehicle Communication: Fair Transmit Power Control for SafetyCritical Information
An alternative method of communication to V2I communication is V2V communication, or
vehicle-to-vehicle communication. Conceptually it is the same as V2I communication, in the
sense that the goal is to allow every vehicle on the road to communicate with one another. The
main difference is that instead of information being uploaded to the infrastructure and then
downloaded to each individual vehicle, the vehicles simply communicate with each other
directly. A problem that arises within a V2V communication system is that messages are not
consistently received. Compared to a V2I system where the infrastructure is always in a constant
position, a V2V system has multiple bodies moving past each other at high speeds.

Figure 5: Probability of a Message Being Received Vs. Distance From Sender [15]

The graphs pictured above in figure 5 show the probability of a message being received as a
function of the distance from the sender. Graph B assumes a car density of 66 cars/km while
graph A assumes a car density of 36 cars/km. The higher the density becomes, the lower the
probability a message will be received.
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2.1.3 An Exploratory Empirical Analysis of Willingness to Hire and Pay for Flying
Taxis and Shared Flying Car Services
In the case that flying cars are produced, it is likely that taxi and other transportation services
would open up in the industry. This paper analyzes the general population’s perception and
willingness to use flying taxis.

2.1.4 Patent Number: US7874512B2 System and Method for a Flyable and
Roadable Vehicle
This patent was made by Junfeng Xu. This flying car was developed to be both driven and flown
depending on what the user required. This patent was very interesting to read through as it
showed the inventor’s design process and what he experimented on to make the vehicle safe to
drive and fly. The inventor decided to have a multi-wing plane in order to keep the design
drivable. To do this, the wings actually swivel to be parallel with the car as well as lower the
wings to lower the center of gravity and to reduce crosswind effects.Pictured below in figure 6 is
the car in flight mode.
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Figure 6: Patent US7874512B Isometric View of Flight Mode [27]

The shorter wing design allows the operator to have an unobstructed view while in drive mode.
The inventor wanted the change between the flight mode and drive mode to be an automatic
mechanism to prevent human error. Pictured below in figure 7 is the car in drive mode.

Figure 7: Patent US7874512B Isometric View of Drive Mode [27]

In designing his flying car, Junfeng XU experimented with several different ways to include a
propeller in the design. First, the inventor decided to have a propeller on the front of the vehicle
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as well as the back. He did this to reduce the size of both propellers in order to keep the operator
able to see in front during drive mode. This also introduced a redundancy which allows the
vehicle to have partial power should one propeller fail. He also looked into how many blades the
propeller should have. If the car had two blades, the optimum location for them would be
horizontal. With three blades, one would need to point down to the ground and with four blades,
each blade would point 45 degrees from the horizontal.

2.1.5 Patent Number: US10081424B2 Flying car or Drone
The design was invented by Bogdan Radu. He wanted a design that could drive on land, water
and fly. He used rotors in combination with wings to reduce the size of both. The design is made
to be a combination electric vehicle and combustion engine in order to reduce emissions; the
electric drive would be used for non-intensive driving while the combination would be used
during intensive travel. The flying portion of the vehicle would use a gasoline or diesel engine
for power. Pictured below in figure 8 is the car in flight mode.

Figure 8: US Patent 10081424B2 Isometric view of Flight Mode [20]
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2.1.6 Patent Number: US9505282B2 Amphibious Flying Car
The inventor, Xinru Hu, went into designing this car with the objective of creating a car that is
amphibious and can fly. This design also compacts the wings and rotors in order for the car to
drive, seen below in figure 9.

Figure 9: US Patent 9505282B2 Isometric View of Compact Wings and Rotors [13]

The wings and rotors extend whenever the operator wishes to switch to flight mode, seen below
in figure 10.

Figure 10: US Patent 9505282B2 Front View with Wings and Rotor Extended [13]
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Figure 11: US Patent 9505282B2 Isometric View of Wings and Rotors Extended [13]

In figure 11, the car is shown in an isometric view for a better understanding of how the rotors
are able to extend. The bottom of the car is shaped as a ship would be to give the car the ability
to be used on the water.

2.1.7 Patent Number:US3090581A Flying Car
This was invented by Einar Einarsson in May of 1963. This design was rather interesting to look
at and study as it shows how far the flying car has come through the years and how some things
changed in the conventional design and how others stayed the same. This design has a propeller
in both the front and the back of the car, which has been seen in other designs and has four, very
small wings, pictured below in figure 12.
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Figure 12: US Patent 3090581A Isometric View of Extended Wings and Propellers [10]

The wings also could be adjusted to an angle above the horizontal in order to support the vehicle
in the air.The wings and propellers would also be able to be folded up to the side of the flying car
in order for the car to drive on the road safely, seen below in figure 13.

Figure 13: US Patent 3090581A Isometric View of Folded Wings and Propellers [10]

2.1.8 Literature Survey: The Flying Car-Challenges and Strategies Toward Future
Adoption by: Sheikh Shahriar Ahmed, Kevin F. Hulme, Grigorios Fountas, Ugur
Eker, Irina V. Benedyk, Stephen E. Still, and Panagiotis Ch. Anastasopoulos
This article was written to explore the possibilities of flying cars and how to make them
sustainable. Specifically, it looks into the training required for flying cars, safety, environment,
navigation, infrastructure, logistics, sustainability, cybersecurity, and the human factor. As with
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driving, the flying car will have to have people obtain a license to fly. The article goes into depth
explaining that the regulations for flying cars will likely be created by the Federal Aviation
Administration and that said regulations will be different depending on what type of flying car is
being operated, such as a fixed wing car versus a gyrocopter and helicopter hybrid. For safety,
there are some critical safety obstacles to overcome, such as landings. If flying cars are to be
implemented in the future, they need to prove to be safe. This article gives a better look into
operational safety by explaining that the car needs to be able to deal with weather conditions
such as snowstorms, high winds, and heavy rain. The article then goes on to say that additional
simulations and live testing will be needed to create the necessary regulations that flying cars
will need to follow. Under infrastructure and navigation, the article makes the point of how
flying cars will reduce travel time. In their example, a route that normally takes 20 minutes to
drive would only take seven minutes to fly by car. With this, travel time would be drastically
reduced, as long as a person can fly their car directly to the intended location. However, as flight
paths will likely be regulated, it is unlikely that a person can directly go to their intended location
though the time will still likely be reduced than having to drive on roads where traffic lights and
congestion make travel more difficult. The article goes on to state that new infrastructure will
have to be made to accommodate flying cars such as landing pads that could possibly be built on
top of buildings. For environmental and energy concerns, the article makes the point that it is
hard to anticipate the impacts the flying cars will make on the environment. A fleet of flying cars
will require energy to maintain, and the article states that the use of electric vehicles that do not
rely on fossil fuels will help to reduce the pollution caused by the flying cars. Noise concerns are
also present, and NASA’s Urban Air Mobility project researchers are looking into ways to
reduce the noise created by drones and flying cars. According to the article, technologists believe
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that the flying car will be implemented in stages, starting with the most critical transportation
requirements and working its way to the public. For cybersecurity, as the flying cars will likely
have advanced AI to communicate with each other, NASA is including in its development
cybersecurity to prevent cyber attacks. For the human factor, the article explains that for flying
cars to become commonplace, humans will need to feel safe to use them, and that the cost of a
flying car should be lower. They also conducted studies that show that people are more likely to
use the flying car during the daylight hours and anticipate to use the car for longer trips rather
than shorter trips. The people in the study also presented their concerns with flying car travel,
such as how the cars will interact on the road and in the sky, as well as inclement weather and
learning how to use the flying car. This article is very useful as it goes into depth the different
concerns flying cars raise.

2.1.9 Aeromobile Air Transport System Design and Testing by: Dr. Ing. Ladislav
Smrcek, Prof. Stefan Klein, Prof. Ing. Antonin Pistek
The article goes over some of the concerns we had in regards with the current transportation
system, traffic congestion and pollution. The paper goes on to explain that some alternatives
would be to build more roads, however it would be very expensive and not viable in already
largely built areas. The paper goes on to describe what it calls skyways, or “highways in the sky”
in which a predetermined network of paths created and regulated by air traffic control would be
traveled on by using a flying car. The paper believes the solution to controlling the flying car
would be to use a computer system that would control the speed and direction of the flying cars
to create an optimum transportation system. This is in line with our thinking of using an
advanced AI to have the flying cars communicate in order for the airspace to remain safe. Their
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ideas of creating skyways is very interesting and will probably be one of the ways flying cars are
implemented in cities. This paper also explains the market potential of the flying car. They want
the car to fit certain criteria in order for the car to be marketable, such as the easy and automatic
shift from flight mode to ground mode and that for eighty-five percent of the time, the car would
be used on the ground.

2.1.10 Flying Car Transportation System: Advances, Techniques, and Challenges
by: Gaofeng Pan, Mohamed-Slim Alouini
This paper goes into depth of both the flying car and the Flying Car Transportation Systems or
FCTS. It will be important to have an understanding on how flying cars will interact with our
current transportation systems. In this paper, the unique perspective they offer is the idea of
using flying cars and vehicles entirely and getting rid of conventional roads and tunnels. They
have specific requirements for their flying car, such as environmentally friendly, congestion free,
flexible transportation, lessen the ground supporting infrastructure, less competition for space,
less construction and upkeep costs. In their vision, they see flying cars as a replacement for
conventional transportation. There are several aspects this paper looks into: Takeoff and landing,
pilot modes, operation modes, and power types. For takeoff and landing, there are several
options for this to be accomplished: vertical takeoff and landing, vertical takeoff and horizontal
landing, horizontal takeoff and vertical landing, and horizontal takeoff and landing. Our design
uses horizontal takeoff and horizontal landing for its operations. For pilot modes, there are three
roads that can be taken. Full human control, full AI control, or a hybrid between the two. Hybrid
mode is what the paper believes to be the most likely one to be used in the future. Our design is
also a hybrid design. The operating modes are the airplane mode, helicopter mode, helicopter-car
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mode, helicopter-airplane mode, airplane-car mode. The airplane one is essentially just an
aircraft that looks like a car. It cannot drive on the road as it is too large. The helicopter mode is
a design that uses the helicopter as its main basis. The paper believes that since this mode does
not need a runway, it would be ideal in an urban setting. The helicopter-car mode allows for the
user to drive on the road and fly using foldable rotary wings. The next mode is the helicopterairplane mode. This mode would use the helicopter system for takeoff and the airplane wings for
flying distance. Last is the airplane-car mode. In this mode, the car has foldable wings to ensure
it is able to be driven on the road. The different power types are: electric power, hydrocarbon
fuel, and hybrid power. Electric power is desirable because it lowers emissions and noise caused
by the vehicle. Hydrocarbon fuel has the same issues of noise and pollution but has lower
hardware costs. With hybrid power, the flying car would use both electric power and
hydrocarbon fuel. This would allow for the hydrocarbon fuel to be used during long flights and
when the electric battery needed to be charged. For the design of the FCTS, the paper believes
that the planning of the path for the flying car is crucial. The operation of the flying cars will
mainly be designed in urban areas for this paper. The use of GPS systems and wifi will need to
be able to accurately tell where a flying car is in three dimensions. The flying car would also
need the support facilities that normal airplanes use. Control signal systems and data
communication systems help to create a safe way for flying cars to operate.

2.2 Benchmarking Study
In order to ensure our design was good, a benchmarking study was created. In this study, other
flying cars that are currently developed were compared against our design. Different
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characteristics were chosen to determine if our design was good when compared against the
other flying cars.

2.2.1 Existing Designs
2.2.1.1 PAL-V Liberty
The PAL-V Liberty is a flying car that uses collapsible rotor blades to fly pictured in Figure 14.
The design can both fly in the air and drive on the ground and is shown in its driving mode in
Figure 15. It can carry up to two people with a maximum baggage of 20 kg. Its max takeoff
weight is 910 kg. It has a maximum drive speed of 160 km/hr or 99.42 mph and a range of 1315
km or 817.1031 mi in drive mode. During flight, it has an economic cruise speed of 140 kh/h pr
87 mph, maximum speed of 180 km/hr or 111.847 mph, and has a maximum range of 400 km or
248.55 mi with half an hour of fuel reserved. It has an endurance of 4.3 hours. It has a minimum
speed for level flight at 50 km/h or 31 mph. It needs 180 m for its takeoff roll and 330 m for its
takeoff distance.

Figure 14: PAL-V Liberty with Rotors Extended [1]
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Figure 15: PAL-V Rotors Collapsed [1]

2.2.1.2 AeroMobil 4.0
The AeroMobil 4.0 uses foldable wings to fly and seats two and is pictured in Figure 16. It has a
flying range of 450 miles. For flying, it has a cruise speed of 166 mph, a max speed of 220 mph,
and a takeoff distance of 1952 ft. The estimated price of the AeroMobil 4.0 is between $399,000
to $1.6 million.

Figure 16: AeroMobil 4.0 [3]
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2.2.1.3 Terrafugia
The Terrafugia also uses foldable wings to fly, figure 17, and can hold two people. It has a
maximum speed of 100 mph with a maximum range of 400 miles. It has a useful load of 500 lbs
and a takeoff distance of 1400 ft.

Figure 17: Terrafugia with Wings Folded [16]

2.2.1.4 Blackfly
The Blackfly is a single seat rotorcraft that has vertical takeoff seen below in Figure 18. It has a
maximum range of 25 miles while carrying 200 lbs, a cruise speed of 62 mph, a stall speed of
zero, and uses electric power to operate.
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Figure 18: Blackfly in Flight [1]

2.2.1.5 Switchblade Flying Sports Car
The Switchblade Flying Sports Car seats two people. It retracts and extends its wings depending
on if it is in drive mode, figure 19, or flight mode, figure 20. It has a max airspeed of 200 mph
and a cruise speed of 160 mph. It has a range of 450 miles and a takeoff distance of 1,600 feet. It
has a stall speed of 67 mph with flaps and a payload of 544 lbs.

Figure 19: Switchblade Flying Sports Car Wings Retracted [1]
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Figure 20: Switchblade Flying Sports Car Wings Extended [1]

2.2.2 Metric of Goodness
With the benchmark study completed, a metric of goodness was designed. The metric would
compare the capacity of people that would be held by the flying car, range, cruise speed,
payload, and takeoff distance seen in table 1 below.
payload
Table 1: Comparison of Flying Cars

Flying Car

Capacity

Range

Cruise Speed

Payload

Takeoff
Distance

Our Flying
Car

4

400 miles

100 mph

200 lbs

1000 ft

PAL-V
Liberty

2

248 miles

87 mph

44 lbs

1673.23 ft

AeroMobil
4.0

2

450 miles

166 mph

529 lbs

1952 ft

Terrafugia

2

400 miles

200 mph

100 lbs

1400 ft

Blackfly

1

25 miles

62 mph

200 lbs

0 ft

450 miles

160 mph

544 lbs

1600 ft

Switchblade 2
Flying Sports
Car
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From this table, it can be seen that our design has the most capacity of carrying 4 people. The
range and cruise speed of our vehicle is relatively average between the different vehicles. Our
takeoff distance is second only to a flying car that can takeoff vertically and has no takeoff
distance. All in all, our design appears to be good.
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Chapter 3: Initial Design
3.1 Requirements
There are two types of requirements that need to be satisfied, functional and nonfunctional.
Functional requirements are what the flying car is supposed to do, such as seat four people.
Nonfunctional requirements are how the flying car is supposed to do its job, such as safely.

3.1.1 Functional Requirements
The Flying Car shall be able to seat four people.
The Flying Car shall be able to be flown 400 miles.
The Flying Car shall be able to fly at 100 miles per hour.
The Flying Car shall be able to take off using a runway of 1000 feet.
The GPS system of the Flying Car shall be able to self-drive the Flying Car.
The GPS system of the Flying Car shall be able to communicate with other Flying Cars.
The GPS system of the Flying car shall be able to sync with other Flying Cars.

These requirements were chosen with the idea in mind that the flying car would eventually
replace the normal car. It would need to fit a family of four, and be able to be used for
commuting and travelling. The GPS system is required to keep the flying car safe. The system
interacts with other flying cars in order to determine the height, direction and speed of the other
flying cars to ensure the cars do not hit each other while in flight.
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3.1.2 Nonfunctional Requirements
The Flying Car shall be 15 feet long.
The Flying Car shall be 6 feet wide.
The Flying Car shall be 5 feet tall.
The Flying Car shall be aerodynamic.
The Flying Car shall be safe to use.

These nonfunctional requirements were chosen to keep the car within a normal parking space.
The flying car needs to be aerodynamic in order to fly and safe to use for people wanting to buy
it.

3.2 Initial Sketches

Figure 21: Brandon’s First Initial Sketch
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In figure 21, the sketch introduces the idea of adding a standard fixed wing to a car. It features
bottom-mounted engines for optimal stability and aerodynamics. The wheels themselves act as
the landing gear, and do not retract. The body/fuselage itself would be designed for aerodynamic
efficiency, and there is room for an empennage if necessary.

Figure 22: Brandon’s Second Initial Sketch

In figure 22, the second sketch combines a quadcopter with a car. Since this design would use
more fuel, a lighter carry weight would be needed. However, the need for runways is eliminated.
It also provides more maneuverability.
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Figure 23: Laura’s First Initial Sketch

In figure 23, the third sketch has a wing that is able to fold up within the space required for a
parking spot and the tail wing compacts to fit within a parking spot as well. This allows this
design to be driven on the roads and flown in the sky. However, it is also more complicated to
produce and would be more expensive.

Figure 24: Laura’s Second Initial Sketch

In figure 24, the fourth sketch has a tail and wing fixed into place. This would allow the car to fly
without the need for complicated mechanics but would be more difficult in allowing it to drive
down roads.
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3.3 Mission Profile

Figure 25: Mission Profile for the Flying Car

Pictured above in figure 25 is the mission profile for the flying car. The car needs to be able to
cruise up to 400 miles and loiter for 20 minutes until it is able to land.

3.4 L/D Estimation
To size the fourth sketch, the wing aspect ratio was chosen to be 8. In comparing the sketch to
the book’s, Aircraft Design: A Conceptual Approach by Daniel P. Raymer, figure 3.6, it appears
that the wetted area ratio should be approximately 4 which yields a wetted aspect ratio of 8/4=2.
Using figure 3.5, it appears that the maximum lift to drag ratio should be about 12.5. This can
now be used for the initial sizing.
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3.5 Initial Takeoff-Weight Sizing
Using table 3.3, the initial values for the specific fuel consumption, or SFC, is obtained to be 0.5
at cruise and 0.4 for loiter. Using the steps outlined in the Aircraft Design: A Conceptual
Approach and the mission profile, we can determine the takeoff-weight of the aircraft.
Step 1. Warm-up and Takeoff

W1/W0 = 0.97

(Table 3.2 [22])

Step 2. Climb

W2/W1 = 0.985

(Table 3.2 [22])

Step 3. Cruise

R = 400 miles = 2,112,000 ft
C = 0.5 1/hr = 0.0001389 1/s
V = 100 mph = 146.67 ft/s
L/D = 12.5takeoff
W3/W2 = e^{-RC/V(L/D)} = 0.8521

Step 4. Loiter

E = 20 minutes = 1200 s
C = 0.4 1/hr = 0.0001111 1/s
W4/W3 = e^{-EC/(L/D)} = 0.9893

Step 5. Land

W5/W4 = 0.995

W6/W5 = (0.97)(0.985)(0.8521)(0.9893)(0.995) = 0.80152
Wf/W0 = 1.06*(1-0.8002) = 0.21039
We/W0 = 0.93 W0^-0.07

𝑊0 =

1000
1 − 0.21039 −

𝑊𝑒
𝑊0
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Table 2: Weight Sizing

Table 2 was generated using Microsoft Excel. The program calculated each empty weight guess
and would iterate it until the guess was extremely close to the calculated empty weight. The
initial takeoff weight is calculated to be approximately 3750 lbs.
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3.6 Trade Studies (Range, Payload, Cruise Speed etc)
3.6.1 Range Tradeoff 500 Miles
Table 3: Range Tradeoff 500 miles Weight Sizing

Table 3 was made using Microsoft Excel with an updated range of 500 miles. Then, the program
calculated the weight based on the guess until it reached its final answer. If the range were
increased to 500 miles, the takeoff weight would be 4210 lbs.

3.6.2 Range Tradeoff 600 miles
Table 4: Range Tradeoff 600 miles Weight Sizing

Table 4 was made using Microsoft Excel with a range of 600 miles. At a range of 600 miles, the
takeoff weight would be 4760 lbs.
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3.6.3 Range Tradeoff 700 miles
Table 5: Range Tradeoff 700 miles Weight Sizing

In table 5, the range was increased to 700 miles. At 700 miles, the takeoff weight is 5430 lbs.
This trend indicates that each 100 miles of range will be more costly than the last in terms of
takeoff weight.

Next, a graph was created to show how range affects the takeoff weight, shown below in figure
26.

Figure 26: Takeoff Weight vs. Range
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3.6.4 Payload Tradeoff 2000 lbs

𝑊0 =

2000
1 − 0.21039 −

𝑊𝑒
𝑊0

Table 6: Payload Tradeoff 2000 lbs Weight Sizing

In table 6, the payload was increased to 2000 lbs. With this increase, the empty weight calculated
became 6924 lbs. This makes sense as the payload increasing should increase the empty weight.

3.6.5 Payload Tradeoff 3000 lbs

𝑊0 =

3000
1 − 0.21039 −

𝑊𝑒
𝑊0
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Table 7: Payload Tradeoff 3000 lbs Weight Sizing

In table 7, the payload was increased to 3000 lbs in excel. This was then used to recalculate the
empty weight of the flying car, which was found to be 9954 lbs.

3.6.6 Payload Tradeoff 4000 lbs

𝑊0 =

4000
1 − 0.21039 −

𝑊𝑒
𝑊0

Table 8: Payload Tradeoff 4000 lbs Weight Sizing

Table 8 was created in Microsoft Excel and was used to calculate the empty weight for a payload
of 4000 lbs. This payload trade study indicates that for every 1000 pounds of payload provided,
an estimated 3000 pounds would be added to the initial takeoff weight. Next, a graph was created
to show how payload affects the takeoff weight, shown below in figure 27.
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Figure 27: Takeoff Weight vs. Payload Weight

3.6.7 Cruise Speed Tradeoff 150 mph
Table 9: Cruise Speed Tradeoff 150 mph Weight Sizing

The next tradeoff conducted was to change the cruise speed of the flying car to 150 mph seen in
table 9. With the increase in speed, the flying cars' calculated weight decreased by approximately
500 lbs.

46

3.6.8 Cruise Speed Tradeoff 200 mph
Table 10: Cruise Speed Tradeoff 200 mph Weight Sizing

In table 10, the cruise speed was increased to 200 mph. Using Microsoft Excel, the empty weight
was calculated to be 3032 lbs.

3.6.9 Cruise Speed Tradeoff 250 mph
Table 11: Cruise Speed Tradeoff 250 mph Weight Sizing

In table 11, the cruise speed was increased to 250 mph. As can be seen in the various tables,
increasing the cruise speed from 100 mph to 150 mph cuts around 500 lbs from the initial takeoff
weight. Increasing it further to 200 mph cuts off an additional 200 lbs. A 250 mph cruise speed
would take another 120 lbs off. Clearly, increasing the cruise speed as much as possible is ideal.
However, there are diminishing returns on weight loss. Next, a graph was created to show how
cruise speed affects the takeoff weight, shown below in figure 28.
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Figure 28: Takeoff Weight vs. Cruise Speed

3.7 Selection of T/W, W/S, Wing Geometry
For determining T/W, the equation below is used.

𝜂𝑝 𝑃 550𝜂𝑝 ℎ𝑝
𝑇
=
∗ =
∗
𝑊
𝑉 𝑊
𝑉
𝑊
𝜂𝑝 𝑃 550 ∗ 0.92
𝑇
180
=
∗ =
∗
𝑊
𝑉 𝑊
146.67
3747.81

T/W ratio of was calculated to be 0.1657. W/S ratio would be calculated using the calculated
weight of 3747.81 lbs and the wing reference area of 170 sq ft.
W/S = 3747.81/170 = 22.05 lb/ft2
Power to weight ratio Calculation:

𝑇
𝜂𝑃 𝑃
550𝜂𝑃 ℎ𝑝
= ( )( ) = (
)( )
𝑊
𝑉 𝑊
𝑉
𝑊
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The propeller efficiency is estimated to be roughly 0.8, which leads the power to weight ratio to
be 0.055.

The aspect ratio was chosen to be 8 after researching planes with a similar size of our design.
Since our flying car would not be going into supersonic speeds, the taper ratio was chosen to be
0.5 It will use the NACA 2412 airfoil, Figure 29, and have trapezoidal wing geometry. The
aircraft will have zero sweep as it is a low-speed aircraft using a propeller. The wings will have 3 degrees of twist to provide adequate stall characteristics. It will have 1 degree of wing
incidence angle and 1 degree of dihedral angle. The flying car will have a mid-wing to allow for
better visibility behind the pilot and allow for better mobility. The Hoerner wing tip will be used
for the wings, while the tail geometry was selected to be the T-tail.

Figure 29: NACA 2412 [17]

Seen below in figure 30 is the lift coefficient versus angle of attack for the NACA 2412 Airfoil.
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Figure 30: Lift Coefficient vs. Angle of Attack [17]

In figure 31 the relationship between the lift on the aircraft and the drag on the aircraft, in terms
of the drag coefficient and lift coefficient can be seen.
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Figure 31: Drag Polar [17]

3.8 Actual Wing Geometry
As previously mentioned, the wing has an area of 170 square feet, an aspect ratio of 8, and a
taper ratio of 0.5. From this the span, airfoil thickness ratio, chord of the wing can be calculated,
the mean chord length, 𝐶̅ , and placement of the mean chord length, 𝑌̅,can be calculated, shown
in the equations below.
S = Reference Wing Area = 170 ft^2
C = Chord
A = Aspect Ratio = 8
𝜆 =Taper Ratio = 0.5
b = Span = √𝐴 ∗ 𝑆 = √8 ∗ 170 = 36.878 𝑓𝑡
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C root=2 ∗ 𝑆/[𝑏(1 + 𝜆)] = 2 ∗ 170/[36.878(1 + 0.5)] = 6.15𝑓𝑡
C tip = 𝜆 ∗ 𝐶 𝑟𝑜𝑜𝑡 = 0.5 ∗ 6.15 = 3.075ft
2

1+𝜆+𝜆2

3

1+𝜆

𝐶̅ = 𝐶𝑟𝑜𝑜𝑡

2

1+0.5+0.52

3

1+0.5

= ∗ 6.15 ∗

= 4.783 𝑓𝑡 = 57.396 𝑖𝑛

𝑏 1+2𝜆
36.878 1+2∗0.5
𝑌̅= ( )(
)=
∗
= 8.195 𝑓𝑡 = 98.34 𝑖𝑛
6

1+𝜆

6

1+0.5

3.9 Tail Volume Coefficient
As our tail was decided to be a T-tail, it will have a reduced vertical volume coefficient of 5% or
at 0.038. The horizontal tail volume coefficient should be reduced by 5% due to clean air and
should be 0.65.

3.10 Control Surface Sizing
Primary control surfaces are ailerons, elevator, and rudder. For the ailerons, the span of the
aileron should be 80% of the wingspan. This is calculated to be 0.8*36.878=28.5ft. The aileron
and flaps were selected to be 20% of the wing chord. For rudders and elevators, the 35% of the
tail chord was selected to be their length.
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3.11 CAD Drawings
Conceptual Model:

Figure 32: Conceptual Model

In figure 33, the conceptual model for the flying car is shown. The wings are mid-wings with the
NACA 2412 airfoil. The car is a regular car that has been used for the purpose of demonstration.
More detailed models will be made throughout the project.

3.12 Layout Data
Featured below are the different parameters for the flying car in one easy to find location.
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3.12.1 Weights
The different weights are the takeoff weight (W0), empty weight (We), and the fuel weight (Wf).
W0 = 3750 lbs

We = 1960 lbs

Wf = 789 lbs

3.12.2 Wing
S = 170 ft2
A=8
𝜆= 0.5
Croot = 6.15 ft
Ctip = 3.075 ft
𝐶̅ = 4.783 ft = 57.396 in
𝑌̅= 98.34 in
Where:
S is the reference wing area.
A is the aspect ratio.
𝜆 is the wing taper ratio.
Croot is the chord length at the root of the wing.
Ctip is the chord length at the tip of the wing.
𝐶̅ is the mean aerodynamic chord.
𝑌̅ is the spanwise location of the mean aerodynamic chord.
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3.12.3 Fuselage
L is the length of the fuselage.
𝐿 = 4.37 ∗ 37500.23 = 29 𝑓𝑡

3.12.4 Vertical Tail
17.4∗𝑆

𝑉𝑇
CVT = 0.038 = 36.878∗170
; SVT = 13.69 ft2

2∗13.69

A = 1.5; 𝜆= 0.4, so b = 4.5 ft Croot = 4.5(1+0.4) = 4.35ft

Ctip = 0.4*4.35=1.74 ft

Where:
CVT is the vertical tail volume coefficient.
SVT is the vertical tail area.
A is the aspect ratio of the vertical tail.
𝜆 is the taper ratio of the vertical tail.
b is the span of the vertical tail.
Croot is the chord length at the root of the vertical tail.
Ctip is the chord length at the tip of the vertical tail.

3.12.5 Horizontal Tail
17.4∗𝑆

𝐻𝑇
CHT = 0.65 = 4.783∗170
; SHT = 30.37 ft2

2∗30.37

A = 4; 𝜆= 0.4, so b = 10.5 ft Croot = 10.5(1+0.4) = 4.13 ft
Where:
CHT is the horizontal tail volume coefficient.
SHT is the horizontal tail area.

Ctip = 0.4*4.13=1.65 ft
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A is the aspect ratio of the horizontal tail.
𝜆 is the taper ratio of the horizontal tail.
b is the span of the horizontal tail.
Croot is the chord length at the root of the horizontal tail.
Ctip is the chord length at the tip of the horizontal tail.

3.12.6 Fuel Tank
Wf = 789 lb = 131.5 gallons = 17.75 ft3
Where:
Wf is the weight of the fuel.

3.12.7 Tire Size
Diameter = 16.45 in; Width = 6.047 in

3.12.8 Propeller Diameter
4

Diameter = 1.7 ∗ √206= 6.44 ft = 77.28 in
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Chapter 4: Disciplinary Analyses
4.1 Aerodynamics
The first disciplinary analysis conducted was the aerodynamic analysis. This was conducted to
optimize our design and calculate an analysis based on our actual design rather than using past
data and statistics.

4.1.1 Maximum Lift
The first analysis conducted was to find the maximum coefficient of lift. This was calculated to
be 1.368 using the reference book Aircraft Design: A Conceptual Approach. All of the following
equations used come from this book [22]. Once the maximum coefficient of lift was calculated,
the lift curve slope was calculated and found to be 4.623 per radian or 0.081 per degree.
CLmax = 0.9*Clmax = 1.52*0.9 = 1.368
Lift Curve Slope:
𝑆𝑒𝑥𝑝

2𝜋∗8∗

𝐶𝐿𝛼 =

2+√4+

𝑆𝑟𝑒𝑓

∗𝐹

82
𝑡𝑎𝑛(0)2
(1+
)
1
0.952

= 4.623 per radian or 0.081 per degree

4.1.2 Parasitic Drag assuming fully turbulent flow
Parasitic drag is drag that is not formed due to lift. It is formed from skin friction drag and form
drag. This drag is caused by the wings, tail, front form of the aircraft, and the gear. The final
coefficient of parasitic drag was calculated to be 0.048. Seen below are the individual
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calculations of parasitic drag for the wings, horizontal tail, vertical tail, gears, and cockpit drag.
Each of these were used to calculate the final value for the coefficient of parasitic drag.

V = 100 mph; h = sea level to find Cf
M = 0.130332; μ=0.37 x 10-6
Fuselage: l = 29, l/α = 8.41
𝜌𝑉𝑙

Reynold’s Number: R =

𝜇

= 879,407,000

Rcutoff = 38.21(l/k)1.053 = 38.21(29/2.08x10-5)1.053 = 85,582,000 (using smooth paint)
For Turbulent Flow:
Cf = (𝑙𝑜𝑔

10 𝑅)

0.455
2.58 (1+0.144𝑀2 )0.65

5

= 0.001579

𝑓

5

9.08

FF = 0.9 + 𝑓1.5 + 400 = 0.9 + 9.081.5 + 400 = 1.105
Swet = 236 ft2
𝐶𝐷0

𝑓𝑢𝑠𝑒𝑙𝑎𝑔𝑒

= 0.001579 ∗ 1.105 ∗ 236/170 = 0.0024

Wing: l = 𝑐= 4.783 ft; average t/c = 12%
R = 4,513,000
Rcutoff = 16,903,663
Cf = 0.0068
5

𝑓

5

FF = 0.9 + 𝑓1.5 + 400 = 0.9 + 1.4981.5 +

1.498
400

= 3.63

Swet = 291 ft2
𝐶𝐷0

𝑤𝑖𝑛𝑔

Tail Horizontal:
𝑐 = 𝑏/𝑎 = 10.5/4 = 2.63ft

= 0.0068 ∗ 3.63 ∗ 291/170 = 0.0042
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t/c = 12%
𝑅=

146.67 ∗ 2.63 ∗ 0.0765
0.37 ∗ 10−6

= 79,754,786

Rcutoff = 9,004,710
Cf = 0.00219
𝐹𝐹 = [1 +

0.6
(0.12) + 100(0.12)4 ][1.34(0.130332)0.18 = 1.082
0.5

CD0, HT = 0.00219*1.082*30.37/170 =0.000423

Tail Vertical:
𝑐 = 𝑏/𝑎 = 4.5/1.5 = 3ft
t/c = 12%
𝑅=

146.67 ∗ 3 ∗ 0.0765
0.37 ∗ 10−6

= 90,975,041

Rcutoff = 10,343,441
Cf = 0.00215
𝐹𝐹 = [1 +

0.6
(0.12) + 100(0.12)4 ][1.34(0.130332)0.18 = 1.082
0.5

CD0, VT = 0.00215*1.082*13.69/170 =0.000187

Gear Drag: Tire Frontal Area = 1.38 ft2; D/q = 1.38*0.13 = 0.1794 ft2
Strut frontal Area = 0.72 ft2; D/q = 0.72*0.5 = 0.36 ft2
𝐶𝐷0𝑔𝑒𝑎𝑟 = 1.2 ∗ (0.1794 + 0.36)/170 = 0.0038
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Cockpit Drag: Frontal Area = 9.0 ft2; 𝐶𝐷0

𝑜𝑝𝑒𝑛 𝑐𝑜𝑐𝑘𝑝𝑖𝑡

= 9.0 ∗ 0.5/170 = 0.026

Total Parasite Drag: 𝐶𝐷0 = 1.05 ∗ (0.32) = 0.048

The next drags calculated was the cooling drag, which is the drag from the flow of the cooling
system of the aircraft. It was found using the equation below as 0.0043.
206.25∗5192

Cooling Drag: D/qcooling = 4.9x10-7*

𝑉

𝐶𝐷0

= 27/𝑉ft2

𝑐𝑜𝑜𝑙𝑖𝑛𝑔

= 0.0043

The last drag to be calculated was the miscellaneous engine drag formed by any part of the
aircraft that is not streamlined. This is calculated using past data and test data to find the most
likely amount of drag. It was calculated, shown below, to be 0.00024.
Miscellaneous Engine Drag: D/qmisc. = 2x10-4*206 = 0.00024

All the previous drags that were calculated were then added up to find the total parasitic and
engine drag, which was 0.05254.

Since our aircraft was designed to never flight at supersonic speeds, we did not need to calculate
the transonic and supersonic drags.

The last drag calculated was the induced drag, which is caused by the lift. Since our aircraft is a
straight wing aircraft with zero sweep, the induced drag was calculated, shown below, to be
0.811.
Induced Drag: e = 1.78(1-0.045A0.68) - 0.64 = 0.811
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4.2 Propulsion Analysis
Our design is a 2 bladed propeller aircraft with the fixed pitch diameter of the propeller being
77.28 inches. This analysis was conducted to make sure our design would be able to fulfill its
mission.

4.2.1 On Design
The first two calculations done for the propeller analysis of propulsion was the advance ratio
which equaled 0.45 and the power coefficient which equaled 0.0367. The advance ratio is how
far the aircraft move with a single turn of the propeller. The power coefficient is a
nondimensional measure of power. Both equations are shown below.
𝑉

146.67

J =𝑛𝐷 = (3000/60)(77.28/12) = 0.45
CP =

550∗206
𝜌𝑛3 𝐷 5

= 0.0367

Using Figure 13.12 [22], the fixed-pitch efficiency of the propeller was found to be 0.75 and the
blade angle would equal 20 degrees. Since a 2 bladed propeller is approximate 3% better than a
typical 3-bladed propeller, the fixed-pitch propeller efficiency would equal 0.7725.

4.2.2 Static Thrust
Static thrust is the thrust when velocity is zero. From figure 3.11 [22] the thrust coefficient to
power coefficient is 2.55. This number can then be used to calculate the actual static thrust,
which was found to be 897 lb, shown below.
550∗206

TStatic = 2.55* 50∗6.44 = 897 𝑙𝑏
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4.2.3 Correction for Propwash Drag Effect
Propeller efficiency needs to be corrected due to the propwash drag effect, which is the air spun
by the propeller that washes over the fuselage of the aircraft. The effective efficiency of the
propeller was calculated to be 0.96 of the actual propeller efficiency. This allowed for calculating
the actual thrust generated, which was 865.19 pounds.
1.558

ղP effective = ղ𝑝 [1 − 6.442 ∗ 0.004 ∗ 236] = 0.96𝜂𝑃
Actual thrust = 0.96*897 = 865.19 lb

4.3 Individual Weight Calculations
Now that the aerodynamic and propulsion analysis were completed, the individual weights of
each part of the aircraft, such as wings and tail, were calculated. In table 12 below, are the
individual weights that were calculated. More detailed calculations can be found in Appendix D.
Table 12: Individual Weights

Item

Weight (lbs)

Wing

1619

Horizontal Tail

33.19

Vertical Tail

13.62

Fuselage

537.55

Main Gear

146

Installed Engine

465

Fuel System

86

62
Flight Controls

24

Electrical Equipment

129

Avionics

9.5

Furnishings

80

Total

3142.8

With the weights calculated, we moved on to finding how stable our design would be.

4.4 Stability and Control
The mean aerodynamic chord was calculated earlier to be 57 inches in the Layout Data section of
the report. Since most aft center of gravity is at 64.5 inches, the center of gravity that is a fraction
of the wing mean chord was found to be 1.13, shown in the below calculation.
𝐶̅ = 57 𝑖𝑛
𝑋̅𝑐𝑔 = 64.5/57 = 1.13

4.4.1 Wing
The location of the wing aerodynamic center in relation to the wing mean chord was found to be
1.0877, shown in the below equation. The pitching moment of the wing was found to be zero due
to our airfoil being symmetrical.
𝑋̅𝑎𝑐𝑤 = 62/57 = 1.0877

4.4.2 Fuselage
The pitching moment created by the fuselage was calculated to be 0.3158, shown below.
𝐶𝑚𝛼

𝑓𝑢𝑠𝑒𝑙𝑎𝑔𝑒

0.009(48)2 (348)

= (57)(170∗12∗12) = 0.005 per degree or 0.3158 per rad
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4.4.3 Tail
The tail’s aerodynamic center was calculated to be 3.68 in relation to the chord length, shown
below. The lift curve slope for the tail was calculated to be 3.966 per radian.
𝑋̅𝑎𝑐ℎ =

𝑆𝑒𝑥𝑝

2𝜋∗4∗

𝐶𝐿𝛼 =
ℎ

2+√4+

𝑆𝑟𝑒𝑓

210
= 3.68
57

∗𝐹

42
𝑡𝑎𝑛(0)2
(1+
)
1
0.952

= 3.966 per radian

4.4.4 Downwash
Using Figure 16.12 [22], the R was calculated to be 0.651 and m was found to be 0.122,
The downwash-angle derivative, 𝜖, was found to be 0.4. The downwash derivative with respect
to angle of attack for the tail was found to be 0.6. The freestream dynamic pressure was chosen
as the typical value of 0.9.
144

R = 442.5/2 = 0.651
𝑚=

27
= 0.122
442.536/2
𝑑𝜖
= 0.4
𝑑𝛼

𝑑𝛼ℎ
= 1 − 0.4 = 0.6
𝑑𝛼
𝜂ℎ = 𝑞ℎ /𝑞 = 0.9
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4.4.5 Power-off Neutral Point
The neutral point, Xp, is a point that is the most aft of the center of gravity before the aircraft
becomes unstable. In relation to the wing chord, the neutral point was calculated to be 1.22.
𝑋̅𝑛𝑝 =

4.623 ∗ 1.0877 − 0.3158 + 0.9(30.37/170) ∗ 3.966 ∗ 0.6 ∗ 3.68
= 1.22
4.623 + 0.9 ∗ (30.37/170) ∗ 3.966 ∗ 0.6

The actual neutral point would be: Xnp = 1.22*57 = 70 in.
The static margin is incredibly important for longitudinal stability. Ours was calculated to be
9.6%, which is within the typical value of 5% to 10%.
Static Margin =

70−64.5
57

= 0.096 which is 9.6% stable
𝐶

70−64.5
𝑚𝛼 =−4.623∗
=−0.446
57

4.4.6 Trim Analysis
The total pitching moment coefficient, 𝐶𝑚𝑐𝑔 , is set to zero. This is then used to calculate the taillift term, 𝐶𝐿ℎ , which is found as an equation: 𝐶𝐿ℎ = 𝐶𝐿𝛼 [0.6𝛼 + (0 − 0) − 𝛥𝛼0𝐿 ]. From here,
ℎ

the equation for calculating 𝐶𝑚𝑐𝑔 was found to be: 𝐶𝑚𝑐𝑔 = −0.684𝛼 − 1.3171086𝛿𝑒 , with α
being the angle of attack and 𝛿𝑒 being the elevator deflection angle. Detailed calculations can be
found in Appendix D.
The total lift coefficient, 𝐶𝐿𝑡𝑜𝑡𝑎𝑙 , can then be found as an equation using the assumed angle of
attack and the elevator deflection angle: 𝐶𝐿𝑡𝑜𝑡𝑎𝑙 = 4.623𝛼 + 0.9

30.37
170

∗ (3.966)[0.6𝛼 + 0.81𝛿𝑒 ].

This was then used to generate a plot of 𝐶𝑚𝑐𝑔 versus 𝐶𝐿𝑡𝑜𝑡𝑎𝑙 , with varying the angle of attack
and the elevator deflection angle.
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4.4.7 Trim Cross Plot
Shown in table 13 below is the chosen angle of attack and elevator deflection angles. The angle
of attack and each different elevator deflection angle would then be used to calculate the 𝐶𝑚𝑐𝑔
and 𝐶𝐿𝑡𝑜𝑡𝑎𝑙 . These were then used to generate a Trim Cross Plot, shown in figure 34. For the Trim
Cross Plot, the angle of attack would be varied while the elevator deflection angle would stay the
same.

Table 13: Varying Angle of Attack and Elevator Deflection Angles

Alpha
0
2
4
6
8
10
12
14
16

𝜹𝒆 1

𝜹𝒆 2

0
0
0
0
0
0
0
0
0

𝜹𝒆 3

-2
-2
-2
-2
-2
-2
-2
-2
-2

𝜹𝒆 4

-4
-4
-4
-4
-4
-4
-4
-4
-4

-6
-6
-6
-6
-6
-6
-6
-6
-6

The orange square represents the 𝐶𝑚𝑐𝑔 and 𝐶𝐿𝑡𝑜𝑡𝑎𝑙 using the varying angle of attack and the
elevator deflection angle of 0. The grey triangle represents the 𝐶𝑚𝑐𝑔 and 𝐶𝐿𝑡𝑜𝑡𝑎𝑙 calculated using
the varying angle of attack and an elevator deflection angle of -2. The yellow cross represents the
calculated 𝐶𝑚𝑐𝑔 and 𝐶𝐿𝑡𝑜𝑡𝑎𝑙 using the varying angle of attack and elevator deflection of -4. The
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blue circle represents the 𝐶𝑚𝑐𝑔 and 𝐶𝐿𝑡𝑜𝑡𝑎𝑙 calculated using the varying angles of attack and the
elevator deflection of -6.

Figure 33: Cmcg vs CLtotal

4.5 Performance and Flight Mechanics
The “As Drawn” Performance parameters can now be calculated for the aircraft. We can now
check to see if our design will still work for its mission it was designed for or if we need to
change the design for it to fulfill its mission.
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4.5.1 Stall
The stall was calculated using the calculated wing loading, the expected air density at cruise, and
the calculated maximum coefficient of lift to be 12.18 kts, which is better than we initially
decided on.

4.5.2 Takeoff
The takeoff parameter was calculated to be 266.42. Using Figure 5.4 [22], this would translate to
a takeoff distance of approximately 1500 feet. This is larger than our initially chosen 1000 feet
but should still work for our mission.

4.5.3 Maximum Velocity and Rate of Climb
The power our engine would have at a height of 8,000 feet was calculated as a part of the power
at sea level, 0.76*bhpSL. Then, the coefficient of lift was found as an equation of 22.05/q, with q
being the dynamic pressure. The coefficient of drag was found as CD = 0.05254+0.049 CL2. The
total drag was found to be a function of q and CD: D = 170*q*CD. Then, the rate of vertical
climb, Vv was found as a function of forward velocity, thrust, drag and weight: VV = V(

𝑇−𝐷
𝑊

)

These were then plugged into Microsoft Excel as a spread sheet to automatically calculate each,
shown below in table 14.
Table 14: Finding Maximum Velocity and Rate of Climb

q-lb/ft2

CL

CD

D-lb

VV-ft/s

68

Vkts

S.L
.

8000 S.L.
ft

8000
ft

S.L.

8000
ft

S.L
.

60

12

9.4

1.84

2.35

0.22

0.32

80

22

17

1.002 1.30

100

34

27

120

49

140

67

8000 ft

S.L.

8000 ft

445 515

15

13

0.102 0.13

381 390

22

22

0.648 0.82

0.073 0.085

423 391

25.98

27

38

0.45

0.58

0.062 0.069

520 446

25.90

30

53

0.33

0.42

0.058 0.061

659 550

21

28

Using this table, it was seen that the maximum velocity at sea level was 139 knots and was 136
knots at 8,000 feet. The maximum rate of climb was found to be 26 feet per second, or 1560 feet
per minute, when travelling at 100 knots.

Chapter 5: Detailed Design
5.1 Detailed Sizing
Wcrew = 4*200 = 800 lbs. (up to four passengers, up to 200 pounds each)
Wfixed payload = 700 lbs.
Wfuel = 789 lb
We = 1960 lb
P/W = 0.055
Required power = 0.055*3750 = 206.25 hp
The Lycoming IO-720 engine provides up to 400 hp, which covers the required power while
allowing for some breathing room.
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5.1.1 W/S Aspect Ratio Optimization
A=8
W/S = 22.05

Table 15: W/S Aspect Ratio Optimization Matrix

W/S
17.64

A

22.05

26.46

5.63

1

2

3

8

4

5

6

10.64

7

8

9

5.1.2 Effects of W/S and Aspect Ratio Variations
1 3/2

1). S’tails = 0.8

= 1.4𝑆𝑡𝑎𝑖𝑙𝑠

1

Ww = 1619 ∗ (0.8)0.758 (0.66)0.6 = 1494.28lb
1

Wht = 33.19 ∗ (0.72)0.896 = 44.55
Wvt = 13.62 ∗ (

1

ΔW = 11.36 lb

)0.873 = 18.144 ΔW = 4.52 lb

0.72

We = 1960-124.72+11.36+4.52 = 1851.16 lb

ΔW = -124.72 lb
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1

CD0, T = ( )*0.00061= 0.0007625
0.8
1

Δ=0.0001525
Δ=0.00163

CD0, w = (0.72)*0.0042=0.00583
CD0 = 0.05254*0.8=0.0420

Cruise: W/S = 17.64*0.938*0.995=16.46
L/D = 1/

35∗0.0420
16.46

W3/W2 = e^

16.46

+ 35∗𝜋∗5.63∗0.93=8.48

−(2112000)(.0.5/3600)
8.48∗550∗.78∗.95

= 0.918
Table 16: Calculated W0 for option 1

2). Ww = 1619 ∗ (0.66)0.6 = 1254.74 lb
We = 1960-357.25+11.36+4.52 = 1618.63 lb

L/D = 1/

35∗0.053
17.64

W3/W2 = e^

17.65

+ 35∗𝜋∗5.63∗0.93=7.36

−(2112000)(.5/3600)
7.36∗550∗.78∗.95

= 0.907

ΔW = -357.25 lb
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Table 17: Calculated W0 for option 2

1 3/2

3). S’tails = 1.2

= 0.761𝑆𝑡𝑎𝑖𝑙𝑠

1

Ww = 1619 ∗ (1.2)0.758 (0.66)0.6 = 1098.89lb
Wht = 33.19 ∗ (1.31)0.896 = 26.06

1

ΔW = -7.13 lb

1

ΔW = -2.92 lb

Wvt = 13.62 ∗ (1.31)0.893 = 10.70

We = 1960-520.11-7.13-2.92 = 1429.85 lb

1

Δ=-0.0001017

1

Δ=-0.00233

CD0, T = (1.2)*0.00061= 0.0005083
CD0, w = (1.2)*0.0042=0.00583

CD0 = 0.05253-0.0001017-0.00233= 0.0501
CD0 = 0.0501*0.8=0.04008

Cruise: W/S = 26.46*0.938*0.995=24.69
L/D = 1/

35∗0.040080
24.69

W3/W2 = e^

24.69

+ 35∗𝜋∗8∗0.93=10.03

−(2112000)(.0.5/3600)
10.03∗550∗.78∗.95

= 0.931

ΔW = -520.11 lb
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Table 18: Calculated W0 for option 3

1

4). Ww = 1619 ∗ (0.8)0.758 = 1917.36 lb

ΔW = 298.36 lb

Wht = 33.19 ∗ (0.72)0.896 = 44.55

1

ΔW = 11.36 lb

1

ΔW = 18.14 lb

Wvt = 13.62 ∗ (1.31)0.893 = 10.70

We = 1960-357.25+11.36+4.52 = 2287.86 lb

W/S =16.46
L/D = 1/

35∗0.053
16.46

W3/W2 = e^

16.46

+ 35∗𝜋∗8∗0.93=9.14

−(2112000)(.5/3600)
9.14∗550∗.78∗.95

= 0.924
Table 19: Calculated W0 for option 4

1

6). Ww = 1619 ∗ (1.2)0.758 = 1410.03lb
Wht = 26.06

ΔW = -7.13 lb

ΔW = -208.97 lb
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ΔW = -2.92 lb

Wvt = 10.70

We = 1960-208.97-7.13-2.92= 1740.98
W/S = 24.69
CD0 = 0.04008
L/D = 1/

35∗0.04008
24.69

W3/W2 = e^

24.69

+ 35∗𝜋∗8∗0.93=11.49

−(2112000)(.5/3600)
11.49∗550∗.78∗.95

= 0.939
Table 20: Calculated W0 for option 6

1

7). Ww = 1619 ∗ (0.8)0.758 (1.33)0.6 = 2275.18lb ΔW = 656.18 lb
ΔW = 11.36 lb

Wht = 44.55

Wvt = 18.144 ΔW = 4.52 lb
We = 1960+656.18+11.36+4.52 = 2632.06 lb

CD0 = 0.0420
L/D = 1/

35∗0.0420
17.64

W3/W2 = e^

17.64

+ 35∗𝜋10.64∗0.93=10.04

−(2112000)(.0.5/3600)
10.04∗550∗.78∗.95

= 0.931
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Table 21: Calculated W0 for option 7

8). Ww = 1619 ∗ (1.33)0.6 = 1921.13lb

ΔW = 302.13 lb

We = 1960+302.13 = 2252.13 lb

L/D = 1/

35∗0.05253
22.05

W3/W2 = e^

22.05

+ 35∗𝜋10.64∗0.93= 9.65

−(2112000)(.0.5/3600)
10.04∗550∗.78∗.95

= 0.928
Table 22: Calculated W0 for option 8

1

9). Ww = 1619 ∗ (1.2)0.758 (1.33)0.6 = 1673.16lb ΔW = 54.16 lb
Wht = 26.06

ΔW = -7.13 lb

Wvt = 10.70

ΔW = -2.92 lb

We = 1960 + 54.16 - 7.13 - 2.92 = 2004.11 lb

CD0 = 0.04008
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L/D = 1/

35∗0.040080
24.69

W3/W2 = e^

24.69

+ 35∗𝜋∗10.64∗0.93=12.93

−(2112000)(.0.5/3600)
12.93∗550∗.78∗.95

= 0.946
Table 23: Calculated W0 for option 9

Table 24: Calculated W0 for each W/S aspect ratio optimization option

Matrix #

Calculated Initial Weight (lb)

1

3114.82

2

3232.47

3

2988.48

4

3055.03

5

3750

6

2913.35

7

2988.38

8

3016.38

9

2851.88

As shown in table 24, option number 9 provides the lowest weight at 2852 lbs. Option number 5,
the original wing loading and aspect ratio, provides the highest weight. Therefore, the optimal
wing loading is 26.46 lb/ft2 and the optimal aspect ratio is 10.64.
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5.2 Updated CAD Model
Updated flying car conceptual model:

Figure 34: Updated Conceptual Model

77
The updated conceptual model includes added ailerons, a rudder, an elevator, and the propeller.
The wing has been properly tapered and twisted.

5.3 Driving Mode
The aircraft will be in driving mode whenever necessary for the operator. It will be powered
using the same engine that the flight mode uses. For the flying car to be able to fit on roadways,
the wings will be able to fold.

Chapter 6: Misc.
6.1 Gantt Chart

Figure 35: Gantt Chart

The Gantt Chart shows an in-depth look at how our project progressed (Figure 36).

6.2 Project Management
The team's assignments are for both team members to work on each piece of the project. We will
have weekly meetings to ensure the team members know what is going on for the project and to
keep the project on track.
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6.3 Resources Available
SolidWorks is a resource that is required to conduct studies and simulations to analyze our hover
car design and is available for our team members to use.

Chapter 7: Results and Discussions
Our flying car will be able to perform its mission of flying people to their destination and
reducing time spent in traffic. The flying car was found to be the weight of 3750 pounds with a
reference wing area of 170 square feet, power to weight ratio of 0.055, aspect ratio of 8, wing
taper ratio of 0.5, calculated span of 36.878 feet, calculated wing chord at the root of 6.15 feet,
calculated wing chord at the tip of 3.075 feet, calculated mean chord of 4.783 feet and the mean
chord location at 8.195 feet. The vertical tail volume coefficient and horizontal tail volume
coefficient were chosen based on historical data to be 0.038 and 0.65, respectively. The control
surfaces were sized using historical data; the ailerons were 28.5 feet, the flaps were 20% of the
wing’s chord and the rudders and ailerons were 35% of the tail chord. The length of the fuselage
was calculated to be 29 feet. The vertical tail reference area was calculated to be 13.69 square
feet and has an aspect ratio of 1.5, taper ratio of 0.4, span of 4.5 feet, chord root length of 4.35
feet, and chord tip length of 1.74 feet. The horizontal tail has a calculated reference area of 30.37
square feet, aspect ratio of 4, taper ratio of 0.4, span of 10.5 feet, chord at the root of 4.13 feet,
and chord at the tip of 1.65 feet. The total drag coefficient was calculated to be 0.05254 and has a
static thrust of 897 pounds with an actual thrust of 865.19 lbs. the total empty weight was
calculated to be 3142.8 pounds. The flying car has a calculated static margin of 9.6% and a
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calculated stall speed of 12.18 knots. The flying car will not be able to make the 1000 feet
runway but has an acceptable takeoff distance of 1500 feet. The flying car will be able to cruise
at 100 mph, have a capacity for a family of four, and a payload of 200 lbs. The flying car will be
safe for people to use.

Chapter 8: Conclusion
Throughout this semester, our team created a design for a flying car. With a team of only two
people, it was hard work to try and complete everything we needed to accomplish. Even with the
limited time given to us, we were able to create a model of our design and do in-depth weight
calculations. If we had more time and resources, we would have liked to go through several
design iterations until we found the best one.

Recommendations for future work on this project would be reiterating the design to optimize its
capabilities, creating more in-depth models, and creating an actual prototype. The flying car is
the car of the future. With its capabilities, it will reduce waiting times and pollution caused by
traffic jams which in turn will reduce deaths caused by stress induced heart attacks [12].

References
[1]10 Modern Flying Cars in Real Life. (2021, January 09). Retrieved March 31, 2021, from
https://www.beautifullife.info/automotive-design/10-real-flying-cars/

80
[2] “68% Of the World Population Projected to Live in Urban Areas by 2050, Says UN.” United
Nations, UN DESA Department of Economic and Social Affairs, 16 May 2018,
www.un.org/development/desa/en/news/population/2018-revision-of-world-urbanizationprospects.html#:~:text=Cities%20ranking%20and%20mega%20cities&text=By%202030%2C%
20the%20world%20is,located%20in%20Asia%20and%20Africa.
[3]Aeromobil. (n.d.). Retrieved March 31, 2021, from https://www.wattflight.com/electricroadable-aircraft/aeromobil-2/
[4]Ahmed, S., Fountas, G., Eker, U., Still, S., & Anastasopoulos, P. (2020, November 12). An
exploratory empirical analysis of willingness to hire and pay for flying taxis and shared flying
car services. Retrieved March 31, 2021, from
https://www.sciencedirect.com/science/article/pii/S0969699720305469#sec5
[5]Ahmed, S., Hulme, K., Fountas, G., Eker, U., Benedyk, I., Still, S., & Anastasopoulos, P.
(2020, June 05). The flying car-challenges and strategies toward future adoption. Retrieved
March 31, 2021, from https://www.frontiersin.org/articles/10.3389/fbuil.2020.00106/full
[6]Bergan, Brad. “This Flying Car Soars 1,500 Feet High, Seats Two and Goes On Sale in
2021.” Interesting Engineering, Interesting Engineering, 31 Oct. 2020,
interestingengineering.com/flying-car-soars-1500-feet-high-converts-to-road-vehicle-in-3minutes#:~:text=Sports%20car%20converts%20into%20flying%20car%2C%20flies%201%2C5
00%20ft%20high&text=No%20details%20on%20price%20were,public%20roads%20starting%2
0next%20year.&text=Video%20Player%20is%20loading.

81
[7]Bernhard, Adrienne. “The Flying Car Is Here – and It Could Change the World.” BBC Future,
BBC, 11 Nov. 2020, www.bbc.com/future/article/20201111-the-flying-car-is-here-vtolsjetpacks-and-air-taxis.
[8]Computers and Communications (ISNCC), Yasmine Hammamet, Tunisia, 2015, pp. 1-6, doi:
10.1109/ISNCC.2015.7238584.
[9]Desai, Rajvi. “How Sitting in Traffic Jeopardizes Mental Health.” The Swaddle, 25 Feb. 2020,
theswaddle.com/traffic-mental-health-problems/.
[10]Einar, E. (n.d.). US3090581A - Flying car. Retrieved March 31, 2021, from
https://patents.google.com/patent/US3090581A/en?oq=US3090581A%2BFlying%2BCar%2B
[11]G. Pan and M. -S. Alouini, "Flying Car Transportation System: Advances, Techniques, and
Challenges," in IEEE Access, vol. 9, pp. 24586-24603, 2021, doi:
10.1109/ACCESS.2021.3056798.
[12] “Harvard: Pollution from Traffic Congestion Kills 2,234 in U.S. Every Year: IQAir.”
Empowering the World to Breathe Cleaner Air, www.iqair.com/us/blog/air-quality/harvardpollution-traffic-congestion-kills-2234-us-every-year.
[13]Hu, X. (n.d.). US9505282B2 - Amphibious flying car. Retrieved March 31, 2021, from
https://patents.google.com/patent/US9505282B2/en?q=flying%2Bcar&oq=flying%2Bcar
[14]K. Rajashekara, Q. Wang and K. Matsuse, "Flying Cars: Challenges and Propulsion
Strategies," in IEEE Electrification Magazine, vol. 4, no. 1, pp. 46-57, March 2016, doi:
10.1109/MELE.2015.2509901.

82
[15]M. Torrent-Moreno, J. Mittag, P. Santi and H. Hartenstein, "Vehicle-to-Vehicle
Communication: Fair Transmit Power Control for Safety-Critical Information," in IEEE
Transactions on Vehicular Technology, vol. 58, no. 7, pp. 3684-3703, Sept. 2009, doi:
10.1109/TVT.2009.2017545.
[16]Metcalfe, Tom. “The Terrafugia Transition Could End the Long Wait for Flying Cars.”
NBCNews.com, NBCUniversal News Group, 12 Oct. 2018,
www.nbcnews.com/mach/science/terrafugia-transition-means-long-wait-flying-cars-almost-overncna919211.
[17]NACA 2412. (n.d.). Retrieved March 31, 2021, from
http://airfoiltools.com/airfoil/details?airfoil=naca2412-il
[19]Pardede, W. M., & Adhitya, M. (n.d.). Take Off and Landing Performance Analysis for a
Flying Car Model using Wind Tunnel Test Method. Retrieved March 31, 2021, from
https://aip.scitation.org/doi/epdf/10.1063/5.0003761
[20]Radu, B. (n.d.). US10081424B2 - Flying car or drone. Retrieved March 31, 2021, from
https://patents.google.com/patent/US10081424B2/en?q=flying%2Bcar&oq=flying%2Bcar
[21] “Ramp Metering: A Proven, Cost-Effective Operational Strategy-A Primer 1. Overview of
Ramp Metering.” Ramp Metering: A Proven, Cost-Effective Operational Strategy - A Primer: 1.
Overview of Ramp Metering, ops.fhwa.dot.gov/publications/fhwahop14020/sec1.htm.
[22]Raymer, D. P. (2018). Aircraft design: A conceptual approach. Reston, VA: American
Institute of Aeronautics and Astronautics.

83
[23]S. Djahel, N. Jabeur, R. Barrett and J. Murphy, "Toward V2I communication technologybased solution for reducing road traffic congestion in smart cities," 2015 International
Symposium on Networks,
[24]Schrank, David, et al. 2019 Urban Mobility Report. Texas Department of Transportation,
Aug. 2019, static.tti.tamu.edu/tti.tamu.edu/documents/mobility-report-2019.pdf.
[25]Smrcek, L., Klein, S., & Pistek, A. (n.d.). Aeromobile Air Transport System Design and
Testing. Retrieved from https://www.icas.org/ICAS_ARCHIVE/ICAS2010/PAPERS/655.PDF
[26]Willingham, AJ. “Commuters Waste an Average of 54 Hours a Year Stalled in Traffic,
Study Says.” CNN, Cable News Network, 22 Aug. 2019, www.cnn.com/2019/08/22/us/trafficcommute-gridlock-transportation-study-trnd.
[27]Xu, J. (n.d.). US7874512B2 - System and method for a flyable and roadable vehicle.
Retrieved March 31, 2021, from
https://patents.google.com/patent/US7874512B2/en?q=flying%2Bcar&oq=flying%2Bcar
[28]Yang, Jun, et al. “The Effects of Subway Expansion on Traffic Conditions: Evidence from
Beijing.” JSTOR, 1 Aug. 2015.

84

Appendix A: Acknowledgements
We would like to acknowledge our professor who helped us whenever we had questions about
the project.

Appendix B: Contact Information (Student and Advisor Contacts)
Adeel Khalid
adeel.khalid@kenensaw.edu
470-578-7241

Laura Karabasz
l.karabas@students.kennesaw.edu
706-593-0532

Brandon Sauerberg
bsauerbe@students.kenensaw.edu
404-630-6480

Appendix C: Reflections
This project challenged us. Designing a functional flying car introduced many different issues
that we would need to solve for it to be able to fulfill its mission such as: being within a
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reasonable weight, being able to takeoff at most airports, and be able to drive on regular
roadways. We were able to solve these problems by working together.

Appendix D: Supporting Details and Documentations
Detailed Weight Calculations
0.0035
Wwing = 0.036𝑆𝑤0.758 𝑊𝑓𝑤
(

0.785

= 0.036 ∗ 170

𝐴
𝑐𝑜𝑠𝛬2

)0.6 𝑞 0.006 𝜆0.04 ∗ (

8
100 ∗ 0.12−0.03
0.006
0.04
∗ 45
∗ 0.5
∗
(5 ∗ 3570)0.49 = 1619 𝑙𝑏𝑠
𝑐𝑜𝑠0
𝑐𝑜𝑠0

0.873
Wht = 0.016(𝑁𝑧 𝑊𝑑𝑔 )0.414 𝑞 0.168 𝑆ℎ𝑡
(

100∗0.12 −0.12
)
𝑐𝑜𝑠(0)

= 0.016(5 ∗ 3750)0.414 ∗ (45)0.168 ∗ (30.37)0.873 (
Wvt = 0.073(1 + 0.2

𝐻𝑡
𝐻𝑣

100𝑡/𝑐 −0.3
)
(𝑁𝑧 𝑊𝑑𝑔 )0.49
𝑐𝑜𝑠𝛬

𝐴

∗ (𝑐𝑜𝑠0)0.043 𝜆−0.02
ℎ
100∗0.12 −0.12 4 0.043
)
(𝑐𝑜𝑠0)
(0.4)−0.2
𝑐𝑜𝑠0

100∗0.12 −0.49
)
𝑐𝑜𝑠(0)

0.873
)(𝑁𝑧 𝑊𝑑𝑔 )0.376 𝑞 0.122 𝑆𝑣𝑡
(

= 0.073(1 + 0.2 ∗ 1)(5 ∗ 3750 )0.376 45

0.122

∗ 13.690.873 (

∗(

𝐴

= 33.19lb

)0.0357 𝜆0.039
ℎ

𝑐𝑜𝑠0

100∗0.12 −0.49
)
𝑐𝑜𝑠(0)

1.5

∗ (𝑐𝑜𝑠0)0.0357 ∗

0.40.039
= 13.62 lb
Wfus = 0.052𝑆𝑓1.086 ∗ (𝑁𝑧 𝑊𝑑𝑔 )0.117 𝐿−0.051
𝑥(𝐿/𝐷)−0.241 + 𝑊𝑝𝑟𝑒𝑠𝑠
𝑡
= 0.52 ∗ 2361.086 ∗ (5 ∗ 3750)0.177 (168)−0.051 (200/29)−0.72 ∗ (45)0.241 = 537.55 𝑙𝑏
Wmain gear = 0.095(𝑁𝑙 𝑊𝑙 )0.768 (𝐿𝑚 /12)0.409 = 0.095(3 ∗ 3570)0.768 (20/12)0.409 = 146 𝑙𝑏
0.922
Winstalled engine = 2.575𝑊𝑒𝑛
𝑁𝑒𝑛 = 2.575 ∗ 2800.922 ∗ 1 = 465 𝑙𝑏
1

0.157
Wfuel system = 2.49𝑉𝑡0.726 (1+𝑉 /𝑉 )0.363 𝑁𝑡0.242 𝑁𝑒𝑛
= 2.49 ∗ 131.50.726 ∗ 1 ∗ 1 = 86 𝑙𝑏
𝑖

𝑡
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Wflight controls = 0.053𝐿1.536 𝐵𝑤0.371 (𝑁𝑧 𝑊𝑑𝑔 ∗ 10−4 )0.80 = 0.053(192/12)1.536 ∗ 36.8780.371 (5 ∗
3750 ∗ 10−4 )0.80
= 24 lb
Welectrical = 12.57(𝑊𝑓𝑢𝑒𝑙 𝑠𝑦𝑠𝑡𝑒𝑚 + 𝑊𝑎𝑣𝑖𝑜𝑛𝑖𝑐𝑠 )0.51 = 12.57 ∗ (86 + 9.5)0.51 = 129 𝑙𝑏
0.933
Wavionics = 2.117𝑊𝑢𝑎𝑣
= 2.17 ∗ 50.933 = 9.5 𝑙𝑏

Wfurnishings = 80 lbs

We = 1619 + 33.19 + 13.62 + 537.55 + 146 + 465 + 86 + 24 + 129 + 9.5 + 80 = 3142.8 lb

Detailed total Pitching Moment Coefficient Calculations
𝐶𝑚𝑐𝑔 = 0 = 4.623𝛼(1.13 − 1.0877) + 0 + 0 + 0.096𝛼 − [0.9 ∗

30.37
∗ 𝐶𝐿ℎ (3.68 − 1.13)]
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𝐶𝑚𝑐𝑔 = 0 = 0.29155𝛼 − 0.41𝐶𝐿ℎ
𝐶𝐿ℎ = 𝐶𝐿𝛼 [0.6𝛼 + (0 − 0) − 𝛥𝛼0𝐿 ]
ℎ

𝛥𝛼0𝐿 = −

0.9
∗ 5.4 ∗ 1 ∗ 1 ∗ 𝑘𝑓 𝛿𝑒 = −0.81𝛿𝑒
(0.95)2𝜋

𝐶𝑚𝑐𝑔 = 0.29155𝛼 − 0.41[3.966][0.6𝛼 + 0.81𝛿𝑒 ]
𝐶𝑚𝑐𝑔 = −0.684𝛼 − 1.3171086𝛿𝑒

