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Abstract

The objective of this project/competition is to design a multi-
mission amphibious aircraft, which follows the requirements set forth
by the AIAA (American Institute of Aeronautics and Astronautics).
This aircraft needs to accomplish three different missions: The first
mission is to fly at least 20 passengers, and the aircraft would have
to travel a range of 1000 nautical miles, the next mission is a cargo
transport mission holding 5,000 pounds of payload, and traveling 500
nautical miles. The last mission this aircraft is needed to accomplish
is a maritime mission that required a 3,000 pound payload with a
10 hour loiter. The team accomplished this task through the studies
that were obtained from the aerospace classes that have been taken.
Also, the team accomplished designing this aircraft through CAD and
CFD analysis, and through the research done throughout the project.
The main process of designing this aircraft came from the textbook
Aircraft Design A Conceptual Approach by Daniel P. Raymer. This
project begins with the preliminary weight calculations for each mis-
sion and continues through design layout and performance verification.
Solidworks CAD/CFD was created for the aircraft to facilitate both
aerodynamic studies of the wings and hydrodynamic studies of the
hull.
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1 Requirements and Mission Profile

The following section details the requirements set by the Request for
Proposal and illustrates the mission profiles needed to accomplish the re-
quirements. As previously mentioned the Sea Duck fulfills three different
missions; passenger, cargo and maritime surveillance, for these missions two
different profiles are required. The mission for passenger and cargo will share
the same mission profile, which is below in Figure 1, as they both require
an attempt to land and divert option in case of foul weather. The maritime
surveillance mission will use a different mission profile (Figure 2) due to the
addition of a minimum 10 hour loiter for surveillance or search and rescue.

Figure 1: Passenger and Cargo Mission Profile.

Figure 2: Maritime Mission Profile.
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RFP Requirements

Table 1: Requirements for Sea Duck
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2 Historical Overview of Flying Boats

Flying boats inspire scenes of exotic vistas and adventure, harking back
to the ”Golden Era” of passenger aviation. In the early history of aviation
flying boats played an important role in allowing the size of the aircraft to
increase independently of the infrastructure. In the pre-World War II period
the infrastructure did not exist to allow for the large passenger aircraft cen-
tral to making air transport economically viable.

Flying boats only require an expanse of open water for takeoff. This
makes any sheltered bay or inlet a viable option for an airport. With essen-
tially unlimited runways aircraft designers had the freedom to vastly increase
the passenger capacity and range of the aircraft without the concern of run-
way limitations. This opened opened up far-flung locations to air travel and
better connected the world through faster mail services.

Following the aeronautics advancements made during the second world
war and the large infrastructure projects undertaken during the war, the ne-
cessity of flying boats waned. Flying boats became relegated to specialized
work, mostly aerial firefighting and search and rescue missions. In recent
decades float planes have taken some of the roles previously filled by flying
boats like service to rural communities and coastal city taxi services. These
aircraft have greatly limited capacity to the addition of exterior floats that
allows them to operate in an aquatic environment. This added weight and
drag cuts into their useful load limiting their capabilities. Flying boats are
purpose built to operate in this environment and do not suffer from added
penalties.

Regardless of the advances made in the aerospace world the flying boat
remains relevant. They provide low-cost travel solutions to coastal cities,
island nations and rural communities. Like their predecessors they do not
require expensive runway facilities, only an open space of water. Our aircraft
is designed to fill this niche with an increased payload and operational range
over the float planes currently filling the role.
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3 Design Concepts

To begin this project many aircraft designs were reviewed for applicable
ideas. The golden age of seaplanes existed relatively early in manned flight.
Following World War II, advancements in aircraft technology greatly reduced
takeoff lengths thus reducing the usefulness of seaplanes. Since this period
very few true seaplanes have been produced. Most of these are special-built
fire-bombers or search and rescue aircraft used by governments (Beriev Be-
200, Canadair CL-215, and ShinMaywa US-2). As stated above our aircraft
is designed to serve as a passenger and cargo aircraft for island nations and
coastal cities like New York and Seattle. Presently float planes fulfill these
missions. Float planes are conventional aircraft with pontoon floats attached
to the fuselage of the aircraft via a frame. These pontoons present many
limitations to floatplanes: the added weight and drag limits their range and
useful load, hampering their capability. Aircrafts used for this role are the De
Havilland DH-2 Beaver, DH-3 Otter: both the original piston and upgraded
turboprop versions, DH-6 Twin Otter, Beriev Be-200, Canadair Cl-215, and
ShinMaywa US-2.

In addition to aircraft traditionally used for amphibious roles our team
looked at conventional aircraft for design attributes advantageous for our
project. These attributes include airfoil selection and engine placement. For
these trade studies our team looked at the Boeing YC-14 and Antonov An-72
for engine placement and lifting-surface design. The Boeing C-17 Globemas-
ter III utilizes supercritical wing design to increase STOL performance while
decreasing drag in cruise flight.

Based on the above mentioned trade studies design concepts are gathered
for our initial aircraft design. Beginning with the wings of the aircraft, our
team believes very strongly that our aircraft should have a high-wing design
with a dihedral angle. This design provides an inherent stability and visi-
bility needed for our planned missions. This design also keeps engines and
control surfaces away from foreign object debris and water spray.

For airfoil selection our design requires an airfoil with excellent low-speed
performance characteristics while also having low drag in cruise. This gives
our design the increased lift at low speeds required for the STOL operations
central to our overall design. In addition to excellent STOL capabilities our
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aircraft must be aerodynamically efficient to meet our team desired efficiency.
To further increase our efficiency at cruise the addition of winglets is recom-
mended for our design.

We next move to engine selection and placement on the aircraft. Our
team would very much like to continue bringing the flying boat into the jet
age. With a very few exceptions; the Beriev Be-200 and the Martin P6M
Seamaster, flying boats have utilized propeller driving propulsion systems.
High-Bypass turbofan engines will provide our aircraft the thrust, efficiency
and range to perform a wide range of mission profiles.

To keep our aircraft within the required take-off distances and to keep the
propulsion system away from spray our propulsion system will be blended
into the wings with their exhaust gas being blown over the flaps to take
advantage of the Coanda Effect. This will give our aircraft increased lift,
leading to better STOL performance. This concept called Upper-Surface-
Blowing was developed by NASA in the 1970’s and has been deployed on
multiple aircraft (Boeing YC-14 and Antonov An-72).

One of the most important parts of our design is the hull of our aircraft.
Our design needs to be both hydrodynamically efficient to reduce drag on
water takeoffs, provide stability and control and aerodynamically efficient to
reduce drag in flight. Another advantage of being hydrodynamically efficient
is greatly improved takeoff distances. Water takeoffs traditionally are much
longer than ground takeoffs on account of the added drag due to friction
of the water on the hull. One design concept to circumvent this problem
is retractable hydrofoils. This would raise the hull out of the water, thus
reducing drag and takeoff distances. This design was tested by Grumman
Aircraft Company on their G-21 Goose.
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Figure 3: Conceptual Sketch.

4 Initial Sizing

4.1 Preliminary Weights

Once the requirements of an aircraft have been finalized, the first step
and one could say the most important step in the preliminary portion of
designing an aircraft is to calculate the preliminary weight of the aircraft.
These weights represent a rough estimate of how much this aircraft will weigh,
which will give foresight into the initial dimensions of the aircraft. Also, these
calculations will help start the selection of what type of engine (Turboprop,
Turbofan, Turbojet, etc.), wing configuration, empennage configuration, and
other configurations.

As mentioned before, the Sea Duck is being designed to accomplish three
different types of missions (passenger, cargo, and maritime). Since the air-
craft has three different missions, there had to be three different prelimi-
nary weight calculations because each mission had different payloads, cruise
lengths, and loiter times to take into account. By the use of Microsoft Excel
the group programmed each mission’s own weight calculation, which can be
viewed in Appendix I. Table 1 shows each mission’s calculated takeoff weight.
The passenger mission used the 1000 nautical mile range with 48 passengers
and the cargo mission used the 500 nautical mile range with a 5,000 lb pay-
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load. Then the maritime mission was calculated using two different ranges,
one with a total of 500 nautical miles traversed and the other only 250 nauti-
cal miles with both tests using a payload of 3,000 lbs. In these calculations,
the choice of an engine type had to be made, at this time the team remained
undecided between a turbofan or turboprop. The decision of the propulsion
system will be discussed later in this report. Therefore, two sets of weight
calculations were generated. Also note that each mission operates at a speed
of 250 knots except for the maritime mission, which loiters at 150 knots.

Table 2: Mission’s Preliminary Takeoff Weight Calculations.

Also, Table 3 shows the results for the trade study the group ran to see
how the takeoff weights are affected when changing the minimum amount
of passengers (20+3 crew) to the maximum amount of passengers (48+3
crew) for a turbofan and turboprop. As expected the more passengers the
heavier the aircraft. This trade study was also conducted to see the difference
between the two engine types that were selected. Also, the trade study was
run to gather a comparison between the two other missions if the team would
choose to carry more than the minimum amount of passengers.

Table 3: Takeoff Weight per Amount of Passengers and Crew.
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4.2 Thrust-to-Weight and Wing Loading

To find our thrust-to-weight value we used the formulas provided by
Raymer in Aircraft Design: A Conceptual Approach. We used Thrust Match-
ing technique and a statistical approach provided in the text. Once these
values were ratioed back to takeoff, if necessary, the largest value is selected.
With this thrust-to-weight value we can then determine the wing loading for
our aircraft. To do this we used equations provided by Raymer to analyze
the wing loading at several important flight parameters. For full details see
Table 4. These different equations give us the wing loading values at these
conditions. While calculating the wing loading for climb and glide our team
realized our thrust-to-weight ratio was not greater than the desired climb
gradient. We then solved for the thrust-to-weight that would meet this re-
quirement and resolved the wing load equations effected by this change. Once
all of the wing loadings have been solved the lowest is selected for our air-
craft. Once all of the wing loadings were tabulated, typically the lowest is
selected, but for our aircraft the wing loading at stall speed was omitted as
outliers because this wing loading requires an exponential increase in wing
size. Since the stall speed wing loadings were omitted from the choice, the
team went with the next lowest wing loading.

Table 4: Wing Loading.

4.3 Initial Wing Geometry

To find our initial reference wing geometry we used the method described
by Raymer in his text. We took our maximum preliminary weight as de-
scribed in section 8.1 and divided that by the wing loading found in section
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8.2. This gives us our reference wing area, which through the equations in
Appendix III gives us the values. These values will allow our team to begin
to design and optimize our airfoil.

At this stage in the design our group has selected the NACA 4415 airfoil
as our candidate airfoil. This airfoil has a maximum thickness of 15% which
allows this airfoil to provide relatively high coefficients of lift (1.2 to 2.8
depending on Reynolds Number) at high angles of attack. This provides
good STOL characteristics. These numbers are given with a clean wing,
with no flaps or slats added. Moving forward in our analysis of our airfoils,
different airfoils will be analyzed with the use of more sophisticated flaps
and slats in mind. To meet our fuel efficiency criteria and loiter criteria we
will also need our airfoil to have low drag. This points our research towards
airfoils not traditionally used in STOL aircraft. Using computational fluid
dynamics our team will analyze many airfoils and augmentation systems to
optimize our wing for the broadest spectrum of mission criteria.

Table 5: Initial Wing Geometry.

4.4 Revised Weights

Again following the process Raymer has laid out, the last big step in ini-
tial sizing is a revised weight calculation. This weight calculation provides a
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higher accuracy of what our aircraft will truly weigh. In Raymer’s book the
team followed section 6.3 to obtain the new weights (fuel, empty and take-
off) which takes the rubberized engine method and uses a statistical method
with stricter parameters for empty weight fractions. Initially the team used
this section exactly how it was laid out by Raymer (no fudge factor) but this
method kept giving the team weights that were way to low for the amount
of passengers, payload, and range.

Therefore, the team found that this method could be adjusted through
what Raymer called a fudge factor. A fudge factor takes an existing aircraft’s
empty weight to takeoff weight ratio that performs similar missions to the
new aircraft being designed, the Beriev Be-200 was chosen for this aircraft.
Then the Beriev Be-200 empty weight fraction will be divided by the weight
fraction of our aircraft being designed, which this new number would be the
fudge factor. This fudge factor will then be multiplied to the new statistical
method in section 6.3 to find the empty weight fraction. This method to find
the fudge factor can be seen in Appendix IV. Each Revised weight can be
seen below in Tables 6 through 8.

Table 6: Revised Weight Calculations for Passenger Max density .

Table 7: Revised Weight Calculations for Passenger.
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Table 8: Revised Weight Calculations for Cargo and Maritime.

It can be seen that the most the Sea Duck will weigh at takeoff is 61,141
pounds, so the team made this mission the on-design objective. In other
words, our aircraft is sized based on the maximum density, 1000 nmi mission
and all other missions will use this airframe.

4.5 Revised Wing Geometry

After the revised weights were calculated and chosen, a revised wing ge-
ometry needed to be created. The need for a revised wing geometry is driven
by our aircraft’s weight change, which led to affect mainly the wing area and
wing span. The details can be seen in Table 9.

Table 9: Revised Wing Parameters.
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5 Configuration Selections

5.1 Fuselage Configuration

The fuselage of our aircraft must accommodate our passenger payload,
provide hydrodynamic stability and allow a means of stowing moderately
sized cargo. It will need a minimum of two points of entry: one standard
size door for passenger traffic and one larger door capable of accepting pallet
sized cargo. The traditional cigar shape is still premiere when evaluating
various shapes due to ease of construction, moment considerations and proven
platforms. It must be long enough to house the cockpit, galley, passenger
compartment and lavatory and wide enough for passenger cargo. We plan
to have tandem seating on a modular platform either side of the walking isle
and overhead bin storage on both port and starboard sides. To transform
the passenger payload area to a cargo hold, the seats will be inserted on to
tracks for ease of removal. This layout on the floor will coincide with rollers
to maneuver pallet sized cargo fore and aft of the center of gravity of our
plane.

Figure 4: Fuselage Layout.

5.2 Wing Configuration

Historically both flying boats and STOL aircraft utilize high-wing con-
figurations. This provides excellent stability both in flight and on the water.
High-wing configurations also give the pilot the visibility required for water
landings and off-runway approaches. Additionally it provides increased pro-
peller clearance over that of low-wing and mid-wing designs. Despite this
our team is open to novel designs, therefore a mid-wing configuration was
also considered briefly in our initial layout phase.
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Mid-wing configurations are unusual for flying boats but not unheard of;
the Beriev Be-103 uses this configuration. This layout normally provides the
most efficient aerodynamics for a given aircraft. The major drawback of this
design is the wing carry-through structure is mounted in the middle of the
fuselage, interfering with valuable internal volume. This can be remedied but
extreme measures must be used, i.e. Hansa Jet. For the reasons given above
and the added problem of propulsion system placement after our design was
changed to utilize turboprops, this design configuration was abandoned.

A high-wing configuration is the natural choice for our aircraft. It pro-
vides stability and control under all mission conditions. Our engines and
propellers are given adequate clearance for water landings and pilot visibility
is improved for difficult water and off-runway landings.

5.3 Landing Gear

Our design utilized a tricycle landing gear from its earliest conception
onward. This configuration is widely used for passenger aircraft. It allows
the aircraft to rest on a level plane for easy passenger boarding and cargo
loadings. It also allows for the aircraft to be landed in very high crosswinds
by facilitating a crab landing. The rear wheels for our aircraft mount flush
with fuselage, much like the Grumman Albatross. They are placed just above
the hull step to provide the most balance upon landing and ground maneu-
vers. Using historical data provided in Raymer the tire size was estimated
to facilitate landing on all required surfaces.

Table 10: Tire Size.

5.4 Tail Configuration

The tail configurations being considered are the conventional, cruciform,
and T-tail. From a structural perspective the conventional tail is most effi-
cient. The control surfaces mate to the empennage such that controls are eas-
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ily routed, thus saving weight, manufacturing costs, and maintenance time.
Due to the placement of our engines, a conventional tail arrangement runs
the risk of being blanketed during trimmed flight and low angles of attack.
This causes a loss in control authority, to solve this a T-tail is considered.
The T-tail offsets the interaction between lifting surfaces and disturbances
in flow either due to wing wake or prop wash in trimmed flight. During high
angles of attack T-tails encounter the same blanketing effect as conventional
tails, making stall recovery very difficult. Different systems can be employed
to alleviate this problem. One being seriously considered for our design is a
boundary layer control system. The specifics of this system will be discussed
in greater detail further in the paper. The T-tail arrangement has the added
benefit of reducing the wetted area of the tail. The position of the horizontal
stabilizer allows for a smaller size, but its distance above the centerline of
the plane requires a sturdier vertical stabilizer which means extra weight.

The cruciform tail is a compromise between the T-tail arrangement and
the conventional tail. This configuration does not provide the reduction in
wetted area offered by the T-tail but reduces the weight due to the lack of
structural support required for the horizontal stabilizer.

Early during the initial design our team was interested in employing a
twin-boom tail arrangement. This would allow us to employ a rear loading
ramp to quickly load and unload both cargo and passengers. Despite this ad-
vantage the weight penalty of twin-boom tails is significant and would likely
hinder our STOL capabilities. This design did not receive further consider-
ation.

Both the T and Cruciform tail configurations are applicable options for
our aircraft. A trade study will be performed to determine which is the supe-
rior choice based on our center of gravity, required moment, and aerodynamic
considerations.
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Figure 5: Empenage Layout.

Table 11: Tail Sizing.

5.5 Engine Configuration

The engine configurations being considered are turbofan or turboprop
propulsion systems. Historically flying boats have used turboprop or piston
driven engines. However, the request for proposal lays out aggressive take-
off parameters for the aircraft. Also, the requirements ask for the aircraft
to have at least a 20 percent better fuel burn rate per passenger than the
competitors. Therefore at first the team believed it would be best to use a
turbofan. Turbofan engines can provide large amounts of thrust that would
help meet the required takeoff distances especially when configured to pro-
vide a type of blown lifting surface (upper-surface blowing or blown flap).
Also, turbofan engines are very efficient at subsonic speeds, hence their pop-
ularity with airliners. However, there are two problems that the team found
with this configuration. The first problem is the risk of foreign object debris
(water, dirt, etc) that could be sucked into the engine, causing engine failure.
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The engines would most likely need to be placed above the wings, similar to
the YC-14, which can cause maintenance to be more difficult. The biggest
problem for the turbofan engine is our cruise speed is very low (250 knots).
The efficiency of high-bypass ratio turbofans decreases significantly at this
speed.

This prompted our team to consider turboprop engines. Turboprop en-
gines are more efficient in the velocity range considered for this design. The
Turboprop configuration suffers from more restrictive clearance issues than
turbofan engines, to solve this and increase our lift generated on takeoff our
team is considering mounting the engines above the wings. This design would
provide greater clearance for our propeller and will allow us to take advantage
of augmented lift devices. There are many current turboprop and turboshaft
engines that provide the necessary or even excess amounts of shaft horse-
power we need to produce. TOPSIS analysis is utilized in engine selection;
this process will be covered in greater detail further in the paper.

Figure 6: Engine Layout.
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6 Interior Layout

6.1 Passenger Compartment

The request for proposal of our aircraft called for passenger seating from
twenty to forty-nine single class passengers. The crew of our aircraft will
consist of three members: Two pilots for each mission layout, while the third
crew-member changes depending on the mission profile. Therefore, for Pas-
senger mission a flight attendant will fill the third slot, a loadmaster for cargo
missions, and an electronics officer for maritime surveillance missions.

Seating arrangement for passenger mission was selected to maintain a
single aisle layout. The configuration is a tandem seat on either side of the
aisle, which spans 12 rows to total 48 seats. The chosen seat has a frame
width of 18.1 inches coupled with an aisle width of 20 inches; the passenger
compartment will span 100.4 inches. We plan to employ a modular track
system for both the seats and overhead bins for ease of removal during cargo
missions. The functionality of this system would greatly expand the use of
our design, allowing the seats to be removed easily for cargo transport. We
elected to use overhead bins for passenger cargo with dimensions of 34 in x
34 in to provide the required 8 cubic feet of storage per person.

Figure 7: Passenger Floor Plan.
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Table 12: Fuselage Dimensions.

6.2 Cargo Layout

The cargo area will be accessed by removal of the passenger components;
both the seats and overhead storage bins. Access will be provided by an 88 x
91 inch cargo door located aft of the port side wing and maneuverability of the
cargo will be made possible by rollers located in the floor. Anchor points will
be positioned equally across the cargo hold which will allow proper restraint
of the freight. These additions will facilitate efficient cargo loading, reducing
the time our clients will lose to downtime. It should be noted that not all
seats are required to be removed to accept cargo which would allow a hybrid
payload.
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Figure 8: Cargo Floor Plan.
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7 Design Procedure

7.1 Wing Layout

As discussed in section 9.2 the SCS-527 employs a high-wing configura-
tion. To satisfy the STOL portion of our mission parameter a thick, well
cambered wing is needed. This led our team to the NACA 63 and 65 series
of airfoils. For comparison purposes we also selected the Selig class high-lift
airfoil.

Figure 9: NACA Based Wing. Figure 10: Selig Series Airfoil.

Figure 11: Wing Layout.
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Table 13: Wing Layout.

Computational Fluid Dynamics was used to analyze our candidate wings,
for more on these studies see Section 10.7. Upon completion of these simula-
tions our group chose the wing based on the NACA series of airfoils. This is
predominantly chosen due to this airfoils superior lift-to-drag ratio. In short,
this airfoil is more aerodynamically clean while cruising. To increase the lift-
ing performance of our wings during takeoff a combination of sophisticated
augmented lifting devices are being used.

Essential to the STOL performance of our aircraft is the flaps being used
and the flow over them. For our design we have selected double-slotted flaps
that are positioned directly behind our props in order to ensure the flow
over the flaps is properly energized to increase its low-speed performance.
To further increase this performance our turboprops are positioned on top of
the wings. Not only does this increase the propeller clearance of our design,
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it also allows us to position the turbine exhaust to further energize the flow
over the flaps. This method has been tested successfully by NASA for several
decades and has been successfully implemented on the Boeing YC-14 and the
Boeing C-17 Globemaster. It utilizes the coanda effect and the energized flow
from the turbine exhaust to prevent flow separation over the flap and increase
the low-speed lifting performance of our wings. To further increase the lifting
performance of our wings slats are also being added.

Table 14: Dimensions of Flaps and Ailerons.

7.2 Empennage Sizing

The t-tail was selected for our final design for a few reasons. The posi-
tion of the horizontal stabilizer out of disturbed flow and away from water
spray is paramount.The stabilizer response should increase and issues with
moisture on our lifting surfaces minimized by positioning both our wings
high. The position of the tail plane on top allows minimum cover up during
takeoff. Because of this we are able to design a smaller lifting surface re-
quired. Also contributing to this benefit is the longer moment arm provided
by this design, which allows the control surfaces to reside in smooth flow.
There is extra weight associated with the t-tail but structural support and
rigidity are gained throughout the structure’s region. An aspect that isn’t
very affordable to be overlooked is the aircraft’s appeal.The t-tail is pleasing
to the symmetry of the design which adds liveliness to the overall style of
the aircraft.

7.3 Weight and Balance

The team calculated the weight and balance for the Sea Duck using
methodologies Raymer discusses in chapter 15 in his text. In this method
the team found all the weights for the main components and some subcom-
ponents of the aircraft. A datum was established at the nose. Therefore, the
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length from the nose to the location where the weight of each component is
acting was found, which then led to calculating the moment about the nose
that is generated by each weight. Once all of the moments were calculated
the center of gravity (cg) of the Sea Duck was found by taking the sum of
the moments divided by the sum of the weights, which the position of the
“cg” is slightly behind half of the aircrafts’ length. See Table 15 below.

Table 15: Weight and Balance.
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7.4 Hull Design

7.4.1 Preliminary Design

The preliminary hull design started with research. The group was not
familiar with hull design, so it was going to be the biggest topic that would
involve a learning curve on figuring out what was needed to design a hull.
Once the group had better understanding in hull design, the next step was
to start using Catia V5 to get CAD models of different “preliminary hull
designs.” The first preliminary design can be seen below in Figure 12. This
design was established to have a very basic shape, which it was based off the
looks of a speed boat hull. The design is based on this because these types
of hulls have high lift in the water, which in context to our aircraft will help
get the Sea Duck on top of the bow wave. Since preliminary design 1 was a
simple platform for upcoming designs, it would not be the best hull design to
use for the final design. However, preliminary hull design 2 in Figure 13 has
the best characteristics thus far for a choice for the hull design. Preliminary
Design 2 has the characteristic of a V-shape hull like design 1, but design
2 added sister-keelsons, and spray rails. These additions to the design will
help the hydrodynamic properties than the first design.

Figure 12: Prelim Hull Design 1. Figure 13: Prelim Hull Design 2.
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The parameters of the above hull designs were derived from preliminary
dimensions based on our initial layout. These parameters listed below define
the bottom width of the hull or beam. The step which is where the aircraft
will pivot when on plane during takeoff is located just aft of the CG. Other
features are derivatives of high speed characteristics of speed boats. One
thing to note is the thickness of the hull which will be reinforced to sustain
the weight of the aircraft during the landing transition from air to water.

Table 16: Preliminary Hull Dimensions.

7.4.2 Revised Hull Design

After the team dimensioned the aircraft and calculated the weight and
balance, the revised hull design could be completed. The updated beam,
length to step, forebody flat, step height, and thickness can be seen in Table
17 below.

Table 17: Revised Hull Design.

In the revised hull design, the design is a flared hull where the first flare
to the double keelson is large to help break up the bow wave into smaller vor-
tices; this will help decrease the water takeoff distance. The double keelsons
can be compared to a vortex generator or a notch on a wing. The second
flare, acting as a spray skirt, is not as drastic as the first flare but will force
the water outward and away from our propellers. Even with this second flare
a possibility of upward water spray still exists. Therefore, the aircraft may
need two additional spray skirts on each side of the cockpit and at the main
landing gear to help prevent excessive spray.

In Gudmundssons’ book, there is an empirical formula that was used to
calculate the maximum wave height the Sea Duck could handle, which was
based on the takeoff gross weight. The maximum wave height the Sea Duck
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can handle was 5 feet, which is greater than sea state 3, which is what the
RFP asked for. Mentioned before the team was initially using Catia V5
to model the hull/fuselage. However, the team began having complications
with Catia V5, forcing the group to transfer the design into Solidworks for
completion and CFD analysis. This design can be seen below.

Figure 14: Revised Hull Design

7.5 Augmented Lifting Devices

7.5.1 Boundary Layer Control

In addition to the previously mentioned augmented lifting devices, and
the flaps and slats, our team has researched boundary layer control systems.
These systems direct compressed air over the control surfaces and flaps on
the aircraft to increase their effectiveness, especially at low speeds. Many
different methods exist to compress the air for this purpose; bleed air from
the engines can be routed for this purpose or as in our case, a separate tur-
bine can be dedicated to this task. After the team evaluated our takeoff
performance the necessity of this system is in question. As will be shown
later that our aircraft performed admirably at all takeoff criterions without
this system being accounted for. A possible future trade study could deter-
mine what combination of engine thrust and boundary layer control system
generates both superior takeoff performance and fuel economy.
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Marginally independent of takeoff performance boundary layer control
systems have a number of benefits for our design. First, the compressed air
can be routed to the control surfaces of our aircraft, greatly increasing their
control authority at lower speeds. Second, this system can reduce the risk of
our aircrafts t-tail being blanketed during high angle of attack maneuvers.

Figure 15: Boundary Layer Control Engine: LHTEC t800

7.5.2 Hydrofoil

Early in the research stage of this project our team discovered post World
War Two articles describing the takeoff performance of flying boats being in-
creased with the addition of hydrofoils. These hydrofoils are designed to
generate a significant amount of lift at substantially lower speeds. Thus,
lifting the hull from the water and greatly reducing the hydrodynamic drag
on the hull and increasing takeoff performance. After takeoff the hydrofoil
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retracts into the hull to negate its aerodynamic drag.

As an aside the team designed two hydrofoils and tested them using com-
putational fluid dynamics to see if any great benefit could be found. Unfor-
tunately, after several tests none of the hydrofoils performed to expectations;
most only lifted the estimated weight of the hydrofoil itself, associated sys-
tems, support structure, hydraulics, hull doors, etc.

Figure 16: Computational Fluid Dynamics of Hydrofoil.

Figure 17: Hydrofoil Based on NACA 65 Series Airfoil.
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7.6 Stability

7.6.1 Airborne

To provide necessary stability methods used by Raymer were employed
to size the control surfaces. These methods relied heavily on historical data
to calculate these values. The results are displayed in Table 18 below. These
control surfaces have a moment arm of 43.12 feet, measured from the mean
aerodynamic chord of the wing to the mean aerodynamic chord of the control
surfaces.

Table 18: Rudder and Elevator Dimensions.

7.6.2 Waterborne

The team knew that stability in the water would be a crucial criterion
to test because if the aircraft’s buoyant force was not sufficient the aircraft
would sink, obviously not a desired outcome. Also, if the distance between
the metacentric height to the CG of the hull was less than the distance
between the Center of Buoyancy and CG than the hull would be unsta-
ble without any aids. Due to the complex shape of the aircraft’s hull, the
team used simple geometry to approximate. The hull was assumed to be
triangular in shape (giving it a smaller volume than in reality and thus less
buoyant force) with the dimensions that were set forth in the fuselage length
and the hull design dimensions. Once that assumption was made, the team
used Archimedes principle to find the amount of volume displaced in fresh
water when the buoyancy force was equal to the Maximum Takeoff Weight
(MTOW), which was then increased so that the buoyancy force would be
large enough to hold the aircraft’s Max Takeoff Weight. After the volume
displaced was found, the height of the waterline was calculated, which came
out to be 3.3 feet from the bottom of the hull. After the height of the water
line and the volume displaced was found, the stability of the hull was then
tested through basic fluid statics knowledge. All the equations used can be
seen in Appendix 16.7.3. The stability results of the hull came back that the
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hull itself was unstable. This was to be expected as no additional stability
aids were included in this calculation. Therefore, the team used the Appendix
C3 from the book General Aviation Aircraft Design: Applied Methods and
Procedures by Gudmundsson to find what the metacentric height would be
with wing tip floats. The results showed that with wing tip floats, the dis-
tance from the metacentric height to the center of gravity was larger than
the distance between center of buoyancy and CG, which means the aircraft
would be stable in the water. Once the team concluded we needed wing tip
floats to stabilize the aircraft we placed them four degrees from center of the
hull and the water line to the bottom of the wing tip float, which came out
to be placed 53 feet from the center of the aircraft and 3.76 feet above the
water line.

Figure 18: Dimensions of Wingtip Floats

7.7 Computational Fluid Dynamics

Computational fluid dynamics is employed by our team to analyze the
candidate airfoils. All CFD for this project is being run on Solidworks 2016
Flow Simulation software. The goal of these studies is to determine realistic
performances of our designed airfoils in true flying conditions. Using the
CFD software our group is able to simulate the wing operating under different
conditions at different angles of attack.
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Figure 19: NACA 65 Series Wing at
High Angle of Attack

Figure 20: Flow Separation at High
Angle of Attack.

Figure 20 illustrates the capabilities of CFD analysis; this image shows
the beginnings of flow separation at the trailing edge of our airfoil during
takeoff-climb. The angle of attack during this maneuver is considerably more
aggressive for a STOL aircraft, thus our team ran these simulations to ascer-
tain the manner of flow under these extreme conditions. These simulations
informed our decisions regarding augmented lifting devices.

In addition to using CFD to analyze the extreme cases our wing will
encounter, it was also used to analyze the performance of the wing. An
extensive series of simulations were run at cruise conditions (250 knots at
20,000 feet), which the angle of attack of the wing was changed each simu-
lation to gather the pertinent aerodynamic coefficients. The results can be
seen below.

Figure 21: Coefficient of Lift vs. An-
gle of Attack

Figure 22: Coefficient of Drag vs.
Angle of Attack.
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Figure 23: Coefficient of Lift vs. The Coefficient of Drag

Figure 23 is of special importance, this graph allows us to determine our
best lift-to-drag ratio for our airfoil. To find the maximum point, a line tan-
gent to the curve is ran from the origin to the curve. For our wing design
this point coincides with our airfoil having a zero angle of incidence. This
led the team to alter the design slightly from the intended one degree angle
of incidence.

In addition to using CFD to analyze our wings it was also used to gather
information about our final hull design. With these techniques now estab-
lished our team would use this information in future trade studies to design
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our hull for better hydro and aerodynamics. This would not only increase
our capabilities in the water but also reduce our fuel consumption through
improved aerodynamics.

Figure 24: Velocity of Water as it Interacts with the Hull
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8 Aircraft 3-Views

Figure 25: Aircraft 3-Views.
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9 Propulsion System Layout, Integration and

Trade Study

9.1 Powerplant Selection

When choosing the engine for the aircraft the team found five initial
candidate engines. Each of the candidate engines contained attributes we
selected as critical to our design. To ascertain the best engine for our design
the team programmed a TOPSIS (The Technique for Order of Preference by
Similarity to Ideal Solution) design matrix to select one of the five engines.
Our team selected three parameters used to compare each engine, which were
power to weight ratio, specific fuel consumption, and acquisition cost. This
matrix can be seen below in Table 19.

Table 19: Engine Selection Data.

After the parameters were set the matrix was normalized for each param-
eter, which then was a multiplier to the weight criteria decided by the team.
The weight criteria can be seen in Appendix V. Once weighted there was an
“ideal engine” made, which served as a baseline to compare our initial five
candidate engines.From this step, the TOPSIS analysis ran the final decision
matrix in Table 20, which shows that the best engine was the Honeywell
T-55-L-714A.
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Table 20: Engine Selection Final Results.

This engine has seven axial compressor stages and a single centrifugal
compressor with an overall pressure ratio of 9.3. As well as, the engine has a
mass flow of 29.08 (lb/s). Its combustion chamber is an annular reverse-flow
with 28 fuel burners. Also, the turbine consists of four stages. Where the
first two stages are connected to the High Pressure Shaft, which is used to
extract the energy to turn the compressor stages, and the last two stages
are connected to the Low pressure shaft. Since this engine can be either
a turboshaft or a turboprop engine, a two stage helical reduction gearbox
will be used to reduce the rpm for the Dowty R414 propeller our team has
selected.
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Figure 26: Honeywell T-55-L-714A.

9.2 Powerplant Placement

The engine placement on our aircraft was driven by three main con-
siderations.First, the engines must be placed to provide adequate propeller
clearance. The RFP calls for our aircraft to be able to navigate Sea State
3 conditions (0.5 to 1.25 meters), to reduce the wear on the engines and
propellers we needed to mount the propulsion system well above possible
wave-strikes. Second, our group wanted to place our propulsion system in
a location to provide the greatest lifting advantage through augmented lift-
ing solutions. Third; ease of maintenance, the Sea Duck is intended to be
capable of serve and operate from rural communities with rudimentary ser-
vice facilities. Our team understands these needs and strives to provide an
aircraft capable of these needs.

9.2.1 Podded

One possible solution would be to mount the engines in pods above the
wings. This configuration, inspired by the Honda Jet would raise the turbines
far from any foreign object debris or possible wave strike. This installation
would meet the first requirement but presents problems for the last two.
Mounting the engines in pods is not ideal for utilizing the engines for added
lift. This configuration also hampers field maintenance by lifting the engines
further off the wings. Other problems with this design include the added
drag of the mounting pylons for the nacelles and the necessity of lengthening
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the T-tail to account for the raising of the engines. This is needed to prevent
blanketing by the propeller wash which occurs at a lower angle of attack with
the engines podded above the wings.

9.2.2 Blended

Another solution to the three criterion set by the team is to mount the
turbines above the wings and blend them into the wing itself. This idea can
be seen in the earliest design sketches, when the team was still pursuing a
high-bypass turbofan propulsion system. This installation, similar in some
respects to the Antonov An-32, keeps the engine mounted away from foreign
object debris. Mounting the propulsion system in this manner is very con-
ducive to its utilization for augmented lift. The flaps can still be blown by the
propeller while if mounted sufficiently forward the exhaust of the turbine can
be directed at the flaps for an added ”Upper-Surface Blowing” effect. This
configuration does pose certain problems for in-field maintenance. However,
most of these problems are relevant only to major overhauls. For example,
mounting the engines above the wings necessitates the use of an overhead
crane for their removal. With all these factors taken into consideration our
team feels mounting the engines in this fashion is best for the overall perfor-
mance of our design.
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10 Cockpit Layout

10.1 Cockpit Instrumentation

In the RFP, it asks that the aircraft to be able to fly in VFR and IFR
conditions. Therefore, the team decided to use the Garmin G-5000 to ac-
complish this task. The G-5000 is a glass cockpit where the four monitors
are all touchscreen, which declutters the cockpit, making the control panel
more user friendly. Also, each display can be a multifunction display, which
would allow for example airway charts on one half and approach plates on
the other. This system uses Synthetic Vision Technology (SVT) to use the
system’s terrain alerting database, which depicts the ground and water fea-
tures, obstacles, and traffic in proximity of our aircraft. As well as, the SVT
can depict all of this in IFR or nighttime VFR conditions.

Figure 27: Cockpit and Avionics Layout.

46



11 Performance Verification

11.1 From Requirements

The required minimum cruise speed was set at 250 knots in the RFP.
Building a function in MATLAB we calculated operation points for our de-
signed aircraft and plotted them. Using Anderson Intro to flight, we cal-
culated aerodynamic parameters and set the velocity as an array from the
stall speed of 82 ft/s to 1000 ft/s. Entering the thrust available, take-off
weight, CD0 , altitude density,and Coefficients of lift and drag we were able to
calculate a power required graph to determine a few of our operating points.
Below is the power required curve as a function of velocity. By plotting our
power available and power required simultaneously, we were able to display
the intersection point which shows us our maximum velocity at 571 (ft/s) or
a little over 338 knots.

Figure 28: Power Required vs Free Stream Velocity.
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Our next power required graph has the power divided into profile and
induced power to total the net power required. Plotting the power required vs
velocity shows us the component wise power with the profile power increasing
and induced power decreasing. Which makes sense because as our plane gains
speed the required profile power will increase with velocity, and the induced
should decrease with decreasing angle of attack. Finding the minimum net
power required will give us the velocity of maximum endurance or the speed
at which we can stay in the air the longest, 157 ft/s or 93 knots. The other
point of interest is where a tangent line drawn from the origin touches the
net power curve. This point coincides with the intersection of profile power
and induced power which is where equilibrium is reached, and the velocity
for max range is obtained. At 207 ft/s or 123 knots, we can fly the furthest
distance.

Figure 29: Power Required vs Free Stream Velocity.

Our final graph displays the rate of climb as a function of velocity. Again
using Anderson, the rate of climb is determined to be the power available
minus the power required divided by the weight. Confined to sea level, the
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maximum of this function is calculated to be 158 ft/s or a climb rate of over
9000 ft/min. This value is rather large in comparison to cargo, transport
and amphibious aircraft combined but foremost we are a STOL aircraft and
when the power is needed we can produce it. Another consideration for our
large power available is the condition that if we lose an engine on takeoff, we
will still be able to climb out and fly on with the remaining three turboprops.

Figure 30: Rate of Climb vs Free Stream Velocity.

11.2 Takeoff and Landing Distances

In the request for proposal, takeoff and landing distances were the biggest
tests needed to be proven for each mission. Using the methods provided by
Raymer, the takeoff and landing distances for the three missions can be
seen in the two tables below. The team designed this aircraft to hold 48
passengers. Therefore in the passenger takeoff and landing distances, the
team calculated what the RFP wanted (20 passengers, with 250 nmi range),
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but also the team wanted to show at 48 passengers the Sea Duck can still
be a STOL aircraft. Due to the amount of available power, the landing
distances for both 20 and 48 passengers came to be the same. As well as, the
takeoff distance for 48 passengers is less because the climb angle needed to
be as shallow as possible without going below the amount of thrust needed
to take-off. Therefore, the aircraft needed to use more power to takeoff to
get the minimum climb angle as close to the 20 passengers, which needed less
power to takeoff to receive a minimum climb angle.

Figure 31: Diagram of Takeoff.
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Figure 32: Diagram of Landing.

Table 21: Takeoff and Landing Distances for Passenger Mission RFP .
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Table 22: Takeoff and Landing Distances for Passenger Mission RFP Con-
tinued.

The RFP did not have as many tests for the cargo and maritime missions,
but the takeoff and landing distances for both missions on dry pavement and
on water can be seen below. The takeoff and landing equations can be seen
in Appendix 16.7.1 and 16.7.2.

Table 23: Takeoff and Landing Distances for Cargo and Maritime Mission
RFP .
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12 Systems and Subsystems Layout

12.1 Flight Controls

There were two choices of flight controls that could be chosen between,
which are traditional flight controls or fly by wire. Traditional flight con-
trols are hydraulic controls that are actuated by pulleys and physical wires
to move the control surfaces. Fly by wire flight controls sends signals to the
control surfaces. The team chose fly by wire, because it would take out the
response time of the control surfaces to respond to the pilot’s commands.
With quicker response time a faster maneuver could be performed if in a
stalling situation, or when performing a low-cost maritime mission where the
plane could possibly be in a constant bank and turn.
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Figure 33: Flight Control System.
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12.2 Fuel System

After the Honeywell was chosen, the team read the full details in Jane’s
Aero-Engines and found the fuel system the engine uses. Therefore, the team
went with this fuel system, which Jane’s Aero-Engines says, “L-714 uses the
Chandler Evans FADEC type EMC-32T-2, consisting of hydraulic unit with
gear type pump and DECU.”

12.3 Electrical System

The team researched and found that it is possible that an electrical system
can take over what the hydraulic system is used to perform. This was already
explained some in the flight controls section above. Due to this knowledge
the team decided that the Sea Duck would only have the electrical system.
The biggest reasoning behind this decision was the braking. Since the Sea
Duck needed to be a STOL aircraft, landing in the distance required was a
big concern. With an electrical system actuating the brakes the response is
halved verse a hydraulic system.

12.4 Environmental System

To further improve our aircrafts performance in rural areas without ground
facilities our aircraft is equipped with an auxiliary power unit. The RE220
APU from Honeywell Aerospace was selected by the team. This APU will be
used to start our main engines independent of ground facilities. To run our
different environmental systems we will use bleed air from the main engines;
this will power our cabin pressurization and other systems, such as avionics
cooling. This bleed air is also used to provide anti-icing to our aircraft, in
this system the air is uncooled and run through ducts to the wings flight
surfaces, the tail surfaces and engine inlets.
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13 Materials and Structures

13.1 Material Selection

From the beginning of this project our team wanted this aircraft to use
material chosen for their robustness and ease of maintenance. This aircraft
is intended to be operated out of salt-water environments, one of the most
corrosive environments seen by any aircraft. Servicing rural communities and
island nations our aircraft cannot be guaranteed to have access to the facilities
provided to most flying boats to counter this corrosion. To counter this
corrosion with minimal operator input our team has chosen to use composite
materials whenever possible for the exterior of our aircraft.

13.2 Hull

The hull represents a major concern from a materials and structures
standpoint. The hull must be sturdy enough to withstand the repeated
impacts from water landings while maintaining lightness for overall perfor-
mance. Our team decided a composite hull would serve our aircraft the best.
The seamless construction of these hulls eliminates the separation of riveted
panels commonly found in traditional aluminum hulls. This improves the
overall water tightness of our aircraft and further limits scheduled mainte-
nance. The advantages of the corrosion resistance of composites materials
cannot be overstated. As previously mentioned this aircraft is designed to
operate in and service local communities, far away from the normal support
structures. The use of composite materials extends the life of the exterior
components without the necessary post-operation cleanings given to amphib-
ians operating out of well-equipped facilities.

13.3 Wings

Our wings are supported by a carry through box that is placed on top
of our fuselage. This carry through box supports many of our subsystems.
Housed within the carry through box; over the fuselage, is the APU and
the turbine that drives the Boundary Layer Control System. Adjacent to
the APU and the turbine are our main fuel tanks. These bladder tanks
hold 305.1 cubic feet of Jet-A fuel. Our group plans to continue the use
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of composite materials for the wings and control surfaces. This will further
reduce corrosion of major components and reduce weight overall.

Figure 34: Fuel Tank Layout.

13.4 Empennage

Our group placed a trim tank in the empennage. This tank is also a
bladder tank and has an internal volume of 122.04 cubic feet. This tank is
to trim the aircraft during flight instead of using the rear control surfaces
that leads to a drag penalty. Continuing on with our theme, our group has
chosen to use composites for the empennage.
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14 Cost Estimation

The “DAPCA IV” cost model was used for cost analysis for the produc-
tion of our aircraft. This empirical model is a function of the aircraft’s empty
weight, speed and production run, and includes variables relating to engine
parameters and bolt on costs such as avionics. Both the cost equations and
hourly rates were adjusted for inflation by a magnitude of 7.1 percent based
on the Consumer Price Index of their respective years. This model was de-
veloped based on large aircraft projects, but with some corrective factors
can yield fairly accurate results.Shown below is the distribution of cost with
the DAPCA IV cost model. As you can see manufacturing has the largest
portion with engineering a close second which seems reasonable considering
we are designing an amphibious aircraft.

Figure 35: Development Cost.
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14.1 Certification

Certification or airworthiness cost is included in the Flight Test Cost.
This cost consists of planning, instrumentation, flight operations, and engi-
neering and manufacturing support of flight testing. This expenditure is a
necessity in verifying the capabilities of any aircraft. After writing a MAT-
LAB function to calculate the DAPCA cost the Flight test cost output gen-
erated is $61 million to certify our 4 flight test aircraft.

Development-support costs are non-recurring cost of the manufacturing
support of RDT&E. In DAPCA these values are estimated directly and
yielded a development and support cost of $181.2 million. The total cost
of engineering is $861.6 million, and the tooling and manufacturing cost are
$495.9 million, and $1.036 billion respectively.

14.2 Tooling and Manufacturing Considerations

The internal structure of the plane is very similar to many existing air-
craft. So the tooling effort should be well supported. Our test model ran
financial calculations with a 60 production run at 1 a month. This would
be doubtful as our plane is a midsize utility aircraft as well as amphibious.
Increasing the budget in both time and cost. The choice of employing a cur-
rent market power plant has benefits in brand recognition, parts availability
and proven performance. Manufacturing would occur at various locations
for large components and shipped by rail; Wings, engines, tail, airframe,
winglets, etc. Assembly would occur at a central locations and be performed
on an assembly line.

14.3 Profitability

The investment cost factor is an estimation based on invested money you
would apply to determine the purchase price of your aircraft for commercial
sales. We chose a value of 20 percent increase over cost which totaled our
purchase price to $56.2 Million/unit and production price at $46.83 Million.
This estimated cost of aircraft for the consumer would put our break-even
point at 10 months’ shy of our production run of 60 aircraft at a rate of 1
per month. Meaning we should profit the subsequent months to simulate a
total net profit of $96.5 million dollars in the fifth year.
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14.4 Maintenance Costs

The main operation and maintenance costs are fuel, crew salaries and
maintenance. Raymer states that for civilian aircraft fuel cost can be ap-
proximated to be about 38% of O&M cost, crew salaries around 24%, and
maintenance about 25%. Operating a flying boat in a saltwater environment
will assuredly increase these values by a margin of 10-20% with maintenance
becoming the largest.
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15 Final Design
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16.2 Appendix I: Preliminary Weights

Passenger Mission

Table 24: Passenger Preliminary Weights.
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Cargo Mission

Table 25: Cargo Preliminary Weights.
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Maritime Mission

Table 26: Maritime Preliminary Weights.
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16.3 Appendix II: Thrust-to-Weight ratio and Wing
Loading

Table 27: Wing Loading.
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Table 28: Wing Loading.
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Table 29: Wing Loading.
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16.4 Appendix III: Initial Wing Geometry

S =
W0

(W/S)
(1)

b =
√
A× S (2)

Croot =
2× S
b(1 + λ)

(3)

Ctip = λ× Croot (4)

c̄ =
(2/3)Croot(1 + λ+ λ2)

(1 + λ)
(5)

Ȳ = (b/6)
(1 + 2λ)

(1 + λ)
(6)
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16.5 Appendix IV: Initial Sizing

Table 30: Fudge Factor.
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16.6 Appendix V: Propulsion

Table 31: Engine Selection Weights.

16.7 Appendix VI: Performance

16.7.1 Takeoff Distance

SG = (
1

2gKA

) ln(
KT +KAV

2
f

KT +KAV 2
i

) (7)

KT = (
T

W
)− µ (8)

KA =
ρ

2(W/S)
(µCL − CD0 −KC2

L) (9)

K =
1

πAe
(10)

SR = 3VTO (11)

SG,Total = SG + SR (12)

R =
V 2
TR

0.2g
(13)

γclimb = arcsin(
T −D
W

) (14)

hTR = R(1− cos(γclimb)) (15)

71



STR =
√
R2 − (R− hobstacle)2 (16)

SC =
hobstacle − hTR

tan(γclimb)
(17)

16.7.2 Landing Distance

Sa = Sc (18)

γapproach = γclimb (19)

hf = hTR (20)

SG = (
1

2gKA

) ln(
KT +KAV

2
i

KT +KAV 2
f

) (21)

16.7.3 Bouyancy

CM =
I

VD
(22)

Note: If the distance from the center of mass to the center of buoyancy is
smaller than the CM distance then the object is stable.

Note: The moment of inertia is taken of the shape cut at the waterline and
viewed from the top.

FB = ρgVD (23)

hmc = k 3
√
W0 (24)

K=1 for wingtip floats
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