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Abstract
The Fire-Fighting Owl is a single seat, co-axial helicopter that will fly in a fleet to carry
water to extinguish wildfires in local communities. This helicopter was designed to fly in hardto-access areas and has a water tank which is designed to be refilled at small local water sources
in order to prevent wildfires from spreading during a mission. The helicopter was designed with
bearingless rotors in order to decrease maintenance and increase ease of operations. The
helicopter was also designed with co-axial rotors in order to eliminate the need for a tail rotor to
allow for a smaller footprint. Using Solidworks, the helicopter assembly was created and tested
through computational fluid dynamic analysis. The flow trajectory was analyzed to ensure the
rotor design was directing flow as needed and calculate the thrust. Hand calculations were
completed in order to determine certain parameters needed in order to confirm the design was
meeting the requirements specified by NASA. Calculations were completed to design a pump
which could pull 2,000 gallons per minute. The Fire-Fighting Owl can transport approximately
8,000 gallons of water to affected areas over a 24-hour period. Through design and analysis, the
Fire-Fighting Owl met all of the requirements needed to be operational and aid in the
containment of wildfires.
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Introduction
The NASA Aeronautics Design Challenge is a competition issued by NASA to give
University students the chance to solve problems that aviation communities have today. This
challenge is named the 2021-2022 ARMD University Aeronautics Langley Challenge. The
challenge is to design an aircraft to assist in wildfire containment efforts.
For some states, wildfires are a common hazard during certain seasons of the year. Once
a wildfire has started, it can be very hard to contain and extinguish. There are many vehicles on
the market today that assist in controlling the fire and ensure the safety of the residents in the
area. The goal for this competition is to design an aviation vehicle which will meet all of the
requirements for a firefighting mechanism.
The Firefighting Owl is a single pilot, co-axial helicopter that will fly in a fleet to carry
water, or fire-retardant, to wildfires in local communities. It will be capable of carrying 1,200
gallons of water to a location 100 nautical miles away in a single pass. It will also be capable of
refilling the tank in small and local water sources, many of which will be enclosed by trees.
Wildfires cause devastation to communities every year so the team’s mission is to create a
vehicle which will aid in the suppression of fires to protect those affected by them.
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1 System Overview
This request for proposal (RFP) was issued by NASA as a part of their design challenge
issued to students nationwide in the United States. It come with a list of requirements that must
be met.
1.1 Design Requirements
The RFP requests for students to design a fleet of vehicle that will collectively deliver
3,000 gallons (25,000 lbs) of water in a single pass in hard-to-reach areas. The aircraft should
also be able to refill itself from local sources that are around 20 nautical miles (NM) away from
the targeted area. It will also need to be able to take-off from a local airport that is around 100
NM away from the fires. The design requirements specified by NASA are shown below:
•

•

•
•
•
•
•
•
•
•
•
•

The vehicles(s) fly from a small, public-use airport to a fire location not more than 100
nmi away. Though localities are supportive of firefighting efforts, noise is always a
concern.
Takeoff and landings shall be such that the noise is contained within the airport
boundary. Assume the airport is located at 3000 ft pressure altitude and the temperature
is a hot day
(standard day + 10 °C).
Noise abatement can be achieved in a variety of ways, as the team chooses.
From the fire location, the nearest body of water is assumed to be 20 nmi from the drop
point.
Refueling requires a return to the central command airport.
The fuel/battery capacity, flight speed, number of water trips are a part of the design
space.
The goal is to maximize the water delivered to the fire location within a 24-hour period.
The vehicle will have a minimum service ceiling of 8000 ft to support mountainous
operations.
The EIS for this vehicle is 2030.
The cost of the system should be comparable to current approaches. Greater costs should
be justified by increased capability.
Fuel/battery capacity, flight speed, number of water drops are part of the design space.
The vehicle must be able to able to operate in low-visibility conditions to improve
accuracy.

The ability to retrofit the design for other purposes is key. It will allow justification for
small, local authorities to purchase these aircraft. As for the 100 NM initial flight to the targeted
zone, it will be assumed that it will fly without the payload as to conserve fuel. It will also be
assumed that all water will be sourced from local sources as to save on fuel and time.
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1.2 Major Developments
The design will be similar to that of the Sikorsky S-64 Skycrane that is currently in use
for fire suppression today. The Skycrane has a rated payload of 20,000 lbs and can carry
approximately 2,500 gallons of water in a single pass. It also has a hose which it uses to refill its
water reserves. The issue with this aircraft is that it is dated and has a 72-foot wingspan making
difficult to land in tree enclosed areas. The goal is to create a rotor craft that utilizes a lift offset
(LOS) co-axial rotor system to increase life and stability. Since the requirement is to have a fleet
of vehicles, the payload would be 10,000 lbs (1,200 gallons of water) and utilize 3 Fire-Fighting
Owls in a single pass. It will also satisfy all other existing requirements specified in the
competition proposal.
1.3 Mission Profile
The mission profile for this design is shown below in Figure 1. It is important to keep in
mind that the fluid-refill stages and weight drop stages may be repeated up to ten times during
the 24-hour mission.

Figure 1: Fire-Fighting Owl Mission Profile

1.4 Budget
Current airframes used for firefighting require either high-level clearances or a serious
inquiry to purchase in order to view cost estimates. The budget for this project will be based on
previous firefighting airframes. The DC-10 Air Tanker has been used as an aerial firefighting
unit since 2006, but in 1972, it cost around $20 million. The AH-1 Firewatch was a Vietnam-Era
helicopter that cost approximately $3 million. The CH-46 Sea Knight is a smaller version of the
Chinook that was modified for fighting fires. In 1987, these vehicles cost approximately $6
million. A more current airframe is the S-64F made by Erickson Incorporated. In 2021, San
Diego Gas & Electric purchased one for $30 million. Since the competition proposal requires us
to keep the budget within current prices, the team will aim to keep the project between $20 – 45
million.
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1.5 Schedule
The figures below show the overall schedule for the entire semester. Figure 2 shows the
major milestones for the team. Figure 3 shows the tasks and projects for the CDR, which is the
upcoming milestone for the project.

Figure 2: Overall Gantt Chart

Figure 3: Gantt Chart for FDR
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2 Literature Review
2.1 Methodology
Using knowledge from previous courses, the team was able to apply aerodynamic
analysis, computer analysis, such as computational fluid dynamics (CFD), and hand calculations
in order to design and test the Fire-Fighting Owl. Computational Fluid Dynamics (CFD) analysis
was applied to the pump and pipe systems for the water tank to ensure the system was able to
pull in the amount of water needed to fill the tank. It was also applied to the rotors in order to
ensure the rotors were directing flow as needed. Hand calculations were performed in order to
estimate the amount of horsepower the pump would have to produce. A cost analysis was
performed in order to estimate the manufacturing price for future developments. The design
requirements specified by NASA were the baseline for the project and were used as a checking
aid to ensure the Fire-Fighting Owl was meeting the requirements.
2.2 Design Concepts
2.2.1 Blade Element Momentum Theory
The blade element momentum theory (BEMT) provides analytic results that allow for the
design of the rotor system in terms of optimum blade planform and blade twist distribution. This
can be used to find the maximum hovering efficiency. It allows the inflow distribution along the
blade to be estimated, and it provides information on the ideal performance of the rotor [6]. The
BEMT is incomplete due to its numerous assumptions, the biggest one being uniform inflow. It
also does not account for tip losses. The BEMT best helps in specifying given requirements and
it is a great tool for designing the rotor[6]. That is why this theory, in conjunction with others such
as the vortex theory, will be used to design the rotor system. It will provide information on the
ideal performance of the rotor.
2.2.2 Co-axial Rotors
The most important detail of co-axial helicopters is that they eliminate the need for a tail
rotor. Tail rotors are responsible for consuming up to 10% of the total power supplied by the
engine so by eliminating the need for one, there is more power available for use. Co-axial rotors
are comprised of two rotors on one axis where the rotors are rotating in opposite directions. The
rotation in opposite directions produces a zero-net torque around the entire body of the
helicopter. The rotors are perfectly timed through both mechanical and electronic systems. The
timing and control of the rotor's rotation is crucial since this is what cancels the net torque out
from the other rotor. From the cancellation of rotor torque, co-axial rotors have significantly
higher hovering capabilities. Having better hovering from co-axial rotors makes the helicopter
easier to control and therefore, safer to operate. Another distinguishing feature of a co-axial
helicopter is that there is no need for a gyroscope to provide stability since the rotation of the
rotors provides stability.
Some advantages of co-axial rotors are discussed now to show why the co-axial rotor was
selected for the purposes of this project. The main advantage of a co-axial rotor is eliminating the
tail rotor. Tail rotors are the prime cause of helicopter crashes so eliminating the need for one
increases the safety of the helicopter[13]. There is no drive train loss from the tail rotor and some
physical advantages include shorter fuselage, smaller helicopter, and for military purposes,
smaller target. Since a requirement for our design to fit into hard to access areas, a smaller
helicopter would be an optimal design choice. The angular momentum is reduced, and higher
11

speeds are possible due to no Retreating Blade Stall (RBS) on the tail rotor since co-axial rotors
eliminate the need for a tail rotor[13].
2.2.3 Bearingless Rotor System
For modern helicopter designs, bearingless rotors are the optimal choice since they
reduce the cost of the design along with weight reduction, add more control and maneuverability,
and reduce the maintenance needed since this design has fewer components than a traditional
bearing system[8]. The bearingless system is composed of a clean and simple hub design which
results in being aerodynamically more efficient. The design eliminates flap and lag hinges along
with pitch bearing. The effectiveness of the mechanical lag dampers is reduced because of small
lag displacement. The downside of the bearingless rotor system is that the rotors are stiffer than
regular rotors and are exposed to high dynamic stresses.
The distinguishing feature of a bearing less rotor system is a torsionally soft flexbeam
which is located between the main blade and hub[2]. The blade’s pitch control is applied through
a torsionally stiff tongue but rotating it with pitch links. The flexbeam is the key element in the
design of a bearingless rotor and it must be light and compact. It is important that the flexbeam is
designed for centrifugal and large elastic deflections.
2.2.4 Variable Rotor Speed Strategy
For this project, a variable rotor speed will be targeted as to reduce the use of fuel and
increase flight speed. According to study published by The Aeronautical Journal in 2019,
adopting a variable rotor speed strategy can save as much as 15% of power usage if all other
factors stay the same[18]. This is helpful in our design because it will allow the Fire-Fighting Owl
to travel greater distances when the rotor speed is reduces. The decrease in rotor angular velocity
will “avoid the compressibility effect on the advancing blade tip, and consequently improves the
rotor efficiency in high-speed flight.”[17]. It could also be a potential method to increase cruise
efficiency as well.
This is important in our design as a reduction in power will allow the vehicle to make
more trips to refill its water tank. It will also allow for greater speed to be pursued when not
carrying a payload, thus increasing response time, and saving more lives. The S-64 Skycrane has
a top speed due to its massive rotors generating much life and only has a 200 NM range because
of it. Our design could improve the issues of range from such a large aircraft. The lower rotor
speed would also reduce noise when taking off and landing from local airports.
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3 Sizing
When designing a new helicopter, it is important to determine the sizing required for your
aircraft to successfully complete the job it is made to do. The performance capability is related to
the payload capacity which can be directly related to the benefits a helicopter will provide when
fighting a fire[15]. Looking at historical data for helicopters already in production is important
when initially calculating the size of the helicopter being designed. Omri Rand and Vladimir
Khromov from the Israel Institute of Technology took statistical data of more than 180
helicopters in production and compiled the data into a nice presentation[9]. Using their equations
found during their study, the sizing calculations were completed for the purposes of the project.
The following equation was used to find the total gross weight for the helicopter: 𝑊0 =
𝑊𝑃𝐿 + 𝑊𝐹 + 𝑊𝐶 + 𝑊𝐸 , where 𝑊0 is the gross weight, 𝑊𝑃𝐿 is the weight of the payload, 𝑊𝐶 is
the weight of the crew, and 𝑊𝐸 is the empty weight. From the NASA competition, it was
specified that the suite of each vehicle needs to be able to carry 3,000 gallons of water
collectively. To achieve this, the design of one helicopter will carry 1,200 gallons, and one fleet
will have three vehicles total. 1,200 gallons of water equates to roughly 10,000 lbs, which ends
up being the 𝑊𝑃𝐿 in the equation mentioned above. The requirements ask for the helicopter to be
either remotely piloted, or to have a single pilot. It is common practice within the industry to
assume that one crew member weighs roughly 200 lbs, so the max 𝑊𝐶 will be 200 lbs. For the
rest of the weights needed, the S-64 model being used as a reference will be downsized in the
final design. The S-64 has an 𝑊𝐸 of approximately 19,000 lbs, therefore, the weight goal for this
project is between 14,000-17,000 lbs. It is with this estimated 𝑊𝐸 range that the 𝑊0 will be
found. In order to find the gross weight, we used the equation 𝑊0 =

1.015

√

𝑊𝐸 [5, slide 26]
.

.4854

The

range that we solved for was between about 25,000 – 30,000 lbs from which we could start
designing the aircraft.

13

4 Power Requirements
The power requirements of the aircraft can be obtained with a simple application of the
momentum theory. The momentum theory allows for the preliminary derivation of the rotor
thrust and power. Assuming that the aircraft will have a coaxial rotor system, the theory must be
modified to account for the changes. From this analysis, the power required can be compared to
the weight, rotor disk area, figure of merit (FM), and density. It must be stated that this is a
preliminary analysis that can approximate power, however, for more detailed and accurate
results, further analyses will be needed.
The values used for this analysis are based on the takeoff conditions, historical data, and
desired values. This includes 17,257 lbs (7,828 kg) for weight, 9 m for rotor radius, 0.8 for FM,
and 1.2 kg/m3 for air density. While this provides the power required for the empty weight
takeoff, it doesn’t account for everything. That is why an additional analysis with the maximum
weight (30,000 lbs) was done.
4.1 Results – Empty Weight
The induced velocity was found to be 17.03 m/s, and the ideal power was found to be
2,614,971 Nm/s. However, the actual power is higher at 3,268,714 Nm/s (which converts to
4,444.206 HP). Below are graphs that show the relationships between power and weight, rotor
disk area, figure of merit (FM), and density.

Figure 4: Power Required for empty weight compared to Weight, Rotor Disk Area, FM, and Density
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4.2 Results – Maximum Weight
The induced velocity was found to be 22.45 m/s, and the ideal power was found to be
5,993,780 Nm/s. However, the actual power is higher at 7,492,225 Nm/s (which converts to
10,186.57 HP). Below are graphs that show the relationships between power and weight, rotor
disk area, figure of merit (FM), and density.

Figure 5: Required Power for maximum weight compared to Weight, Rotor Disk Area, FM, and Density

4.3 Engine Selection
The maximum shaft horsepower (SHP) that the helicopter needs at maximum weight is
equivalent to 10,186.57 SHP. This indicates that we are searching for one or two engines that can
produce between 11,000 – 12,000 SHP. Through research, it was found that the S-64 has two
Pratt & Whitney JFTD12-4A engines each producing 4,500 SHP, making the total power 9,000
SHP[5]. To help broaden the options, a literature review was conducted for other heavy lift
helicopters. It was found that the Sikorsky CH-53K King Stallion has three General Electric
T408-400 engines, each producing 7,332 SHP[1]. By taking two of these engines, a SHP of
14,664 would be produced which satisfies the needs of the Fire-Fighting Owl. Another option
was the CV-22 Osprey which has two Rolls-Royce Liberty AE1107C engines each producing
about 6,200 SHP[3]. Taking two of these engines provides adequate SHP without having too
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much overkill. In conclusion, using two Rolls-Royce engines mentioned above will produce the
maximum shaft horsepower needed for the mission.
A future proofing concept is currently being applied with the US Army and General
Electric is the Future Affordable Turbine Engine (FATE) program. This program seeks to find
enhancing technologies that can be applied to already existing turboshaft engines with an SHP
range from 5,000 – 10,000[4]. The goals for the initiative aim to reduce SFC by up to 35%,
improve the power-to-weight ratio by 80%, improve engine longevity by 20%, and finally reduce
production and maintenance costs by 45%[4]. The program was started back in 2011 and has
shown to be successful with applications to the Sikorsky UH-60 Black Hawk and the Boeing
AH-64 Apache. Taking out the old T700 engines and replacing them with T901 engines
improved fuel efficiency by 25%, increased power by 50%, and increased longevity by 20%[11].
The potential of applying the FATE program to other turboshaft engines could improve future
engine selections.
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5 Water Tank System
One of the requirements of the competition and a key
component of the Fire-Fighting Owl is the ability to refill the water
tanks from open body water sources during the mission. Since the
goal of the mission is to save lives and reduce fire damage to the
area, performance will be the main focus instead of efficiency. The
Erikson S-64F Aircrane can fill its 2,650-gallon tank in a matter of
1-minute with its pump system, therefore the Fire-Fighting Owl
should be able to fill its smaller tank(s) of 1,200 gallons in less
time. The aim will be for a 2,000 GPM (gallon per minute) flow
Figure 6: Water tank and pipe assembly
rate of water at 68°F leading to a refill time of 36 seconds.
The tank will run off of engine power instead of electric
power, thus giving access to 10,000 hp immediately. It will also attach to the point on the Owl
that will be standardized for other equipment to be attached and used as well. The pump system
will be integrated into the inside of the tank making for easier assembly, serviceability, and less
loss due to losses regarding gearing and shafts.
5.1 Water Tank

Figure 7: Front/Rear View (Left) and Top view (Right) Water Tank

The water tank will be in the shape as shown in Figure 7 from the front or rear view. The
side view will look similar like a rectangle that is 12’ long. This is one of the more efficient
shapes and will allow the tank to reduce drag, be able to be installed easier, and service with
ease. The rails, seen in Figure 7 are for two reasons: easy installation and are used as backup in
the case of failure of the bolts that secure the tank to the main structure. There are 8 bolts that
will hold the structure securely and will allow for easy attachment and detachment from the main
structure for maintenance. The structure would most likely be made from 6061-T6 Aluminum
due to its strength, density, and resilience against corrosion which is important if the owl were
refilling from the ocean.
The water tank will have two compartments, as seen in Figure 8, each with its own doors
allowing it to be controlled and dropped separately. However, refilling will occur at the same
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time with the same, singular pump. The two separate payload drops
are key because dropping large amounts of water from a single
location are already performed by other platforms. Having two
distinct payload drops will allow for more accurate suppression of
smaller fires if need be and could reduce the number of refilling trips
needed to and from the water source. The main issue with this is
dropping 5,000 lbs of cargo and continuing to fly the helicopter
could create many challenges for the pilot and balancing the aircraft.
This issue would have to be studied by a control systems team in
detail before production of the aircraft begins. A solution for that
Figure 8: Bottom of Water Tank
would be a complex re-imagining of the interior bays of the water
tank, to where dropping 5,000 lbs of liquid would not affect the center of gravity of the aircraft.
The top of the tank, as seen in Figure 7, will contain air/water vents for the air to escape
while filling the water tank. Not only is 2,000 GPM of water entering the tank, 2,000 GPM of air
is leaving the tank. The lip and corresponding opening around the rails will allow for the air to
escape the aircraft without causing damage. This wall also protect against overfilling as the
excess water will flow through the vents and out of the aircraft.
5.2 Pipes
The main portion of the pipes will be a 6-inch PVC pipe for
weight, rigidity, and resilience against corrosion. The standard outer
diameter of PVC pipe is 6.625-inch which must be accounted for in
the model. The piping consists of an exterior portion and an interior
portion relative to the water tank. The simplistic outline can be seen
in Figure 9 and does not show the various connectors. The exterior
portion, which will rotate via an electric motor to allow for more
streamlined flight will consist of a 9 ft long pipe with a single 90°
elbow at the top to connect it to the tank. The bottom of the pipe
should be around 18 inches under the water to insure a clean flow of
water from the source. It will rotate via an electric motor and have an
inlet at the bottom to reduce
Figure 9: Schematic and
head loss. The interior portion Dimensions of Piping System
will connect to the exterior
pipe through a connector that allows the exterior pipe to
rotate. It consists of a 35-inch pipe and will consist of a
90° elbow as well. The last portion is a pipe that will be
the 12-inch portion in which the pump will exist. The top
will have another 90° elbow in order to allow the flow to
be separated into two different compartments.
Figure 10: Pipe Flow Cut Plot
A preliminary CFD analysis showing the worstcase scenario of 2,000 GPM of water in a 6-inch pipe to
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determine if the size would be sufficient and to make sure no vortexes form. A snapshot of the
velocity in the pipe can be seen in Figure 10. As one can see, there are no vortexes in the pipe
and should be enough to support the amount of water pulling through the system.
5.3 Axial Pump
The pump chosen for this design is that of an axial design. The pump should be designed
in house due to the extreme angular velocity of the pump that goes along with a Turbo-shaft
engine. A gearing ratio will be selected once a powerful enough engine in selected and will be
turn the pump at around 1,089 rad/s (10,400 rpm).
From the initial piping design, the head loss was calculated applying the methods from
Fluid Mechanics 2nd Edition by R. C. Hibbeler and was calculated to be
34.15 feet. The power of the pump calculated was then calculated to be
23.35 hp. The angle of attack (β1) for the impeller and stator vanes was
calculated to be 8.414°. It is very small because of the high RPM, and the
RPM is high because it reduces stress on the pump. The actual design of
the blades is more of an art rather than a mathematical model. It would
require more CFD analysis and background knowledge of how fluids
flow over the designs. In a later section, a CFD analysis was completed to
show the turbulence around the stators and impellers. The CAD model
used can be seen in Figure 11 and should be updated by a specialist in
the future. Please be aware that the cylinder surrounding the impeller is Figure 11: Pump Design
there purely for simulations as it is how Solidworks recognizes a
rotating region.
The minimum shaft diameter using 6051-T6 aluminum and a factor of safety of 2 was
calculated to be 0.75 inches. The method followed the method outlined in Shigley’s Mechanical
Engineering Design 11th Edition by J. Keith Nisbett. A diameter of 1-inch was selected for ease
of manufacturing and welding on the impeller blades.
5.4 Bay Doors
The water tank will have two sets of doors which can be controlled separately from one
another. The issue is keeping weight at a minimum while being able to open and close the doors.
One should never need to close doors while 5,000 lbs of water are pressing down on them.
The doors are made of 2-inch-thick aluminum as to be able to withstand the pressure and
force exerted by the water. It is also supported by a pin on the external part of the tank. In a
future revision, the pin should be internal as to reduce the amount of drag on the water tank. The
doors will open and close with the help of pulleys controlled by an electric motor. The motor
only needs to be powerful enough the lift the doors without any pressure on them, so they do not
need to be large and heavy. The pulley will only have a quick-release mechanism which will
release on pilot command and the motors will engage after all the water has been dropped. A
lighter and more efficient method may be chosen in the future.
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5.5 Gearbox
Unfortunately, the gearbox is one of the most complicated, if not the most complicated
mechanism on the Fire-Fighting Owl. As students, we do not contain the expertise in designing
such a system. It needed to be noted that not only the co-axial rotors will complicate the gearbox,
but also the clutch and driveshaft for the water pump will also cause complications. Because of
this, the gearbox will most likely be much larger and heavier than most so considerations, or
‘fudge factors’ should be used in weight estimation and drive train losses.
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6 Modeling
6.1 Initial Sketches

Figure 12: Design 1, 2 ,3, and 4 starting from left to right

For our initial design, each team member sketched the body of the helicopter in a way
that best fits the requirements for the project. The sketches are shown below, and a decision
matrix was created to decide which design would be the optimal choice. Per the design
requirements, the sketches were created with the space to hold the water tank and pump system.
The rotors were designed to be coaxial with no tail rotors.
The decision matrix was formed with certain criteria set out by the team members. The
selected criteria are categories that were deemed vital when designing the helicopter. Using a
scale of 1-5, 5 being the best option, each design was ranked based on how it met the set criteria.
The scores were totaled, and it was decided that the body would be a combination of Design 1
and Design 3 since their scores were the highest.
Selection
Criteria:
Design 1
Design 2
Design 3
Design 4

Safety

Cost

Durability

Weight

Ease of
Maintenance
5
3
3
4
4
4
3
2
5
3
5
3
3
4
4
5
3
4
2
4
Table 1: Decision Matrix for Selecting Helicopter Fuselage Design

Score
19
17
19
18
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6.2 Fuselage Model
Below are images of the CAD model for the fuselage. It was built using the
considerations discussed before. As shown, it has a tricycle configuration for the landing gears.
The fuel tank is located behind the cockpit and the water tank can slide in through rails on the
middle of the fuselage. It has an H-tail, a coaxial configuration for the rotors and is powered by 2
turboshaft engines (which are located below the rotor assembly).

Figure 13: Helicopter Body (front view)

Figure 14: Helicopter Body (side view)
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Figure 15: Helicopter Body (Top View)

Figure 16: Helicopter Body

6.3 Airfoil Selection
Based on the results obtained by the BEMT and similar helicopters, NACA 0010 was
selected. For the drag polar and picture of the airfoil, reference Appendix I.
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6.4 Water System CAD Model
The following are images show the CAD model for the water tank system for the FireFighting Owl system.
6.4.1 Water Tank
The water tank was created in Solidworks and meets all requirements as stated in chapter
5. It can be painted in a final render for more realistic views.

Figure 17: Water Tank (Top and Bottom View)

6.4.2 Pipes
The overall piping assembly can be seen in Figure 18. It uses a 6-inch PVC pipe which
has a typical outer diameter of 6.625-inch. It fits the same dimensions as discussed in chapter 5.
The exterior portion can be seen in blue; the elbows are rendered as a single piece for simplicity.
The interior portion can be seen in grey connected to the connector system. The connector, as
seen in the left-most image, consists of two components: a gear fitting and a size reduction
fitting. Further analysis and contemplation could create a new solution to the problem that would
not need to be as custom as this one. The pipe will be connected to the gear fitting, either by a
compression clamp-coupling or with rubber cement like used in plumbing applications. Real life
testing would need to be performed if the rubber cement would have the adhesive strength
needed for continuous deployment, and another adhesive could always be chosen. The pipe will
not be adhered to the size reduction clamp as seen in far-left image of Figure 18. Both ends of
each PVC pipe will fit into the connector system.

Figure 18: Piping System

24

6.4.3 Water Collection System
The entire water collection system can be seen in Figure 19. It will also be shown in the
overall assembly section 6.5.

Figure 19: Water System Assembly

6.5 Overall Assembly
The assembly of the water system and fuselage can be seen below.

Figure 20: Fire-Fighting Owl Assembly
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7 Analysis
7.1 Hand Calculations
7.1.1 Pump Calculations
For the calculations to determine the pump system, the following equations were used.
𝑃𝐴 𝑉𝐴2
𝑃𝐵 𝑉𝐵2
+
+ 𝑍𝐴 + ℎ𝑝𝑢𝑚𝑝 =
+
+ 𝑍𝐵 + ℎ𝑡𝑢𝑟𝑏𝑖𝑛𝑒 + ℎ𝐿
𝛾𝑤 2𝑔
𝛾𝑤 2𝑔
Solving for Pump (hP):
𝑃𝐴
ℎ𝑃𝑢𝑚𝑝 = − + (𝑍𝐵 − 𝑍𝐴 ) + ℎ𝐿
𝛾𝑤
Where head loss (hL) is:
𝐿 𝑉2
𝐾𝑐𝑙 𝑉 2
ℎ𝐿 = 𝑓
+∑
𝐷 2𝑔
2𝑔
Where f is the friction factor, L is the characteristic length, D is the diameter of the pipe,
and Kcl is the head loss factor for the components of the pipe.
The work for the pump is calculated to be:
𝑊𝑝𝑢𝑚𝑝 = 𝑄𝛾𝑤 ℎ𝑝𝑢𝑚𝑝
Where Q is the volume per second.
To find the angle of attack of the impeller and stator:
𝑉𝑤𝑎𝑡𝑒𝑟
𝛽1 = tan−1 (
)
𝑟𝑚 𝜔
Where rm is the mean radius of the impeller, which was selected based on the size of pipe
we used.
7.1.2 Blade Element Momentum Theory (BEMT) Numerical Analysis
A numerical analysis was done using the BEMT. Below are the equations used.
For inflow:
𝜆(𝑟𝑛 ) =

𝜎𝐶𝑙𝛼
32
(√1 +
𝜃(𝑟𝑛 )𝑟𝑛 − 1)
16
𝜎𝐶𝑙𝛼

For incremental thrust:
Δ𝐶𝑇𝑛 =
For total thrust:

𝜎𝐶𝑙𝛼
(𝜃(𝑟𝑛 )𝑟𝑛2 − 𝜆(𝑟𝑛 )𝑟𝑛 )Δ𝑟
2
𝑁

𝐶𝑇 = ∑ Δ𝐶𝑇𝑛
For induced torque and power:

𝑛=1
𝑁

𝐶𝑃 ≡ 𝐶𝑄 = ∑ 𝜆𝑛 Δ𝐶𝑇𝑛
𝑛=1

These equations were programmed in a spreadsheet where different iterations could be
made to determine the optimal design values such as chord length and twist for the rotor blades.
7.2 CFD Analysis
Solidworks Flow simulation 2021 was the software of choice that was used to simulate
the following simulations.
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7.2.1 Water Tank Flow Simulation
Due to the limitations of Solidworks flow simulation, the only fluid that could be studied
was water. That means the initial condition where the pump would suck air to create negative
pressure to pull water could not be simulated. However, this should not be a problem as water
can rise to a height of 10 meters (32.8 feet) in a tube via suction before the fluid begins to boil.
Seeing as the piping system is only 10.5 ft in height, the suction should not be a problem.
The simulation simulates the effects of gravity and the rotating region around the
impeller. It also only simulates turbulent flow since the Reynold’s Number is 9.55E+05, far
above the cutoff of 2300 for laminar flow in a pipe. The roughness used is 5.0E-06, the
roughness of high-quality PVC pipe. A boundary condition at the beginning of the pipe shows a
pressure of 96.3 lbs/ft2 because it is assumed to be at least 18-inch under water. A boundary
condition of environmental pressure is used at the exit/top of the piping system. The power shaft
transmitting power to the impeller is also assumed to be an ideal wall. The rotating region is
selected to be 10,400 rpm counterclockwise. The mesh is the weakest part of this simulation as
the limitations of computing power limited the amount of accuracy obtained. The solver is
solving for the average and max global velocity, along with the average velocity at the fluid
entrance and exit.
It can be seen in Figure 21 that the pumps rapid acceleration of the fluid and the two hard
90-degree elbows created some turbulence and vortexes. One vortex is created due to the hard
90-degree elbow. The fluid is moving so fast that a gap forms and the water begins to reverse
direction. A possible future fix for this is to remove the last elbow. One can also change the
design to a swept 90-degree elbow for smoother transition. Another vortex is created towards the
back of the impeller and stator. This is likely do to the novice creation of the system as designing
the impeller and stator is an artform. A future solution would be to run more simulations to
optimize the stator and rotor setup further. It could not be done on a student setup.
The average velocity found at the entrance and exit of the system was 20.7 ft/s, a full 2.0
ft/s slower than the required to move 2,000 GPM in a 6-inch pipe. This is likely due to an
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imperfect impeller and stator design and all of the vortexes it created. A future study would need
to be performed to optimize the pump system.

Figure 21: Pump CFD Analysis

7.2.2 Helicopter Cruise Simulation
A flow simulation was conducted on the helicopter fuselage and rotor to determine the
flow trajectories. The simulation was conducted assuming standard day and cruising conditions
which include a forward speed of 80 m/s and an induced velocity of 17 m/s. Two rotating regions
were created in the rotors each having an angular velocity of 36 rad/s (in opposing directions). In
addition to determining the flow trajectories, the lift was also solved for by inserting surface
goals representing thrust and drag.
Detailed results of the simulation can be found in Appendix J. Figure 22 shows the flow
trajectories. The results are expected, and the simulation visualizes how the rotors would work
when flying at cruise conditions. Errors due to limited detailed design capabilities, coarse mesh,
and other factors are present and thus the simulation is not as accurate as it can be. However, for
demonstration purposes, referencing, and confirming calculated values, it works well.
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Figure 22: Cruise Flow Trajectory

7.3 Cost Analysis
The aim for this analysis is to determine how much this helicopter will sell to the public
and consumers. Based on our budget research, we wanted to keep the cost of the helicopter
between $20-45 million. The best way to predict the cost for the helicopter is given to us by Dr.
Raymer in his textbook Aircraft Design: A Conceptual Approach. Chapter 18 is about cost
analysis and introduces the Modified DAPCA IV Model. This statistical cost method uses what is
called cost-estimation relationships to help relate known values from an aircraft and predict the
future cost. It can estimate what the total hours will be for research, development, testing, and
evaluation of the new aircraft that we designed. By multiplying the total hours by the average
wrap rates used, the total cost can be calculated. The hand calculations are as follows:
Engineering Hours = 𝐻𝐸 = 4.86𝑊𝑒.777𝑉 .894 𝑄.163 = 17,290.59
Tooling Hours = 𝐻𝑇 = 5.99𝑊𝑒.777 𝑉 .696 𝑄.263 = 8,756.78
Mfg Hours = 𝐻𝑀 = 7.37𝑊𝑒.82𝑉 .484 𝑄.641 = 8,516.74
QC Hours = 𝐻𝑄 = .133(mfg hours) = 1,132.73
Development Support Cost = 𝐶𝐷 = 91.3𝑊𝑒.630 𝑉1.3 = $502,219.40
Flight Test Cost = 𝐶𝐹 = 2498𝑊𝑒.325𝑉 .822 𝐹𝑇𝐴1.21 = $237,354.22
Mfg Material Cost = 𝐶𝑀 = 22.1𝑊𝑒.921𝑉 .621 𝑄.799 = $162,475.49
Engine Production Cost = 𝐶𝑒𝑛𝑔 = $2.2 Million
RDT&E + Flyaway = 𝐻𝐸 𝑅𝐸 + 𝐻𝑇 𝑅𝑇 + 𝐻𝑀 𝑅𝑀 + 𝐻𝑄 𝑅𝑄 + 𝐶𝐷 + 𝐶𝐹 + 𝐶𝑀 +
𝐶𝑒𝑛𝑔 𝑁𝑒𝑛𝑔 + 𝐶𝑎𝑣𝑖𝑜𝑛𝑖𝑐𝑠
where:
𝑊𝑒 = empty weight (lbs) = 17,257 lbs
𝑉 = maximum velocity (kt) = 155.51 kt
𝑄 = number to be produced in five years = 3
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𝐹𝑇𝐴 = number of flight-test aircraft = 3
𝑁𝑒𝑛𝑔 = total production quantity times number of engines per aircraft = 6
𝐶𝑎𝑣𝑖𝑜𝑛𝑖𝑐𝑠 = avionics cost = 5-25% of flyaway cost = $904,037.12 (5%)
Engineering Wrap Rate = 𝑅𝐸 = $115
Tooling Wrap Rate = 𝑅𝑇 = $118
Quality Control Wrap Rate = 𝑅𝑄 = $108
Manufacturing Wrap Rate = 𝑅𝑀 = $98
The analysis showed that the RDT&E + Flyaway cost would be $18,984,779.48. All the
equations given were based upon the design and fabrication of an aluminum aircraft and are
given in 2012 dollars. When this helicopter is ready to be placed on the market, an investment
factor of around 1.1-1.4 will be applied. Therefore, after considering the inflation for 2022, the
purchase price for this helicopter will be between $26 – 34 million depending on the avionics
package that is placed within the airframe. This is within the initial range of the budget
requirement specified by NASA and is in line with the S-64 Skycrane.
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8 Specifications
After the conceptual design of this aircraft, the following specifications were decided.
8.1 Key Mission Parameters

Cruise Velocity (Full)
Range
SFC
Empty Weight
Gross Takeoff Weight
Empty Fuel Weight
Climb Rate
Decent Rate
Service Ceiling

262.47 ft/s
250 nmi
0.85 lb/sph*hr
17,257 lbs
30,000 lbs
27,500 lbs
55.77 ft/s
55.77 ft/s
9,000 ft

Table 2: Fire-Fighting Owl Specifications

8.2 Mission Schedule Over a 24-Hour Period
In Appendix F, there is a table which explains the 24-hour mission plan for the FireFighting Owl. The mission starts at 6:00AM and ends at 6:20AM the following morning. During
the mission plan, the cycle from takeoff to return to base (RTB) is repeated ten times with two
weight drops within each cycle. Each weight drop will disperse 20,000 pounds of water in a one
hour and 28-minute time frame. Therefore, the gallons per hour can be calculated as shown
below.
20,000 𝑝𝑜𝑢𝑛𝑑𝑠
1 𝑔𝑎𝑙
10 𝑐𝑦𝑐𝑙𝑒𝑠
1
𝑔𝑎𝑙𝑙𝑜𝑛
×
×
×
= 7,993
𝑝𝑒𝑟 ℎ𝑒𝑙𝑖𝑐𝑜𝑝𝑡𝑒𝑟
𝑐𝑦𝑐𝑙𝑒
8.34 𝑝𝑜𝑢𝑛𝑑𝑠 24 ℎ𝑜𝑢𝑟𝑠 ℎ𝑒𝑙𝑖𝑐𝑜𝑝𝑡𝑒𝑟𝑠
24 ℎ𝑜𝑢𝑟𝑠

7,993

𝑔𝑎𝑙𝑙𝑜𝑛
𝑝𝑒𝑟 ℎ𝑒𝑙𝑖𝑐𝑜𝑝𝑡𝑒𝑟 × 3 ℎ𝑒𝑙𝑖𝑐𝑜𝑝𝑡𝑒𝑟𝑠 = 23,979 𝐺𝑎𝑙𝑙𝑜𝑛𝑠
24 ℎ𝑜𝑢𝑟𝑠
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9.1 Conclusion
Using the design requirements specified by NASA, the team was able to design a firesuppression vehicle which could aid in the containment of wildfires in the future. The helicopter
was designed with the ability to fly to and from a local airport which would be around 100
nautical miles away. It was designed to be coaxial in order for the vehicle to fly in hard to access
areas in order to refill the water tank in the field. The vehicle has a removable water tank which
can deliver a maximum of 8,000 gallons of water to a fire location within a 24-hour period. The
water tank has a pump which was designed and tested in order to prove it would be able to pull
in the targeted amount of 2,000 gallons. The cost of the helicopter was kept within the
comparable approaches for current fire rescue vehicles. Computational fluid dynamic (CFD)
analysis was completed in order to test the flow in the pipe system, pump, and rotors. The rotors
were tested in order to determine the amount of thrust being produced as well as making sure the
rotors were directing flow as needed. Overall, the project stayed on track and met all goals of the
minimum success criteria that were specified at the beginning of the semester.
9.2 Minimum Success Criteria
The minimum success criteria were specified before the team began designing the
helicopter. The criteria show the important aspects of the project which needed to be completed
in order to show that the project was on track to meet all of the design requirements specified by
NASA.
Criteria:
Status:
Detailed design of rotor, fuselage, tail, and other
Completed
major components
Completed CAD for helicopter
Completed
CFD analysis for pipes
Completed
Successful design for a removable water tank with
Completed
refilling mechanism
Has a 10,000 lb payload
Completed
Table 1: Minimum success criteria for the project

9.3 Recommendations
For future improvement on the project, the team recommends completing structural
analysis on the landing gear and other components such as the connection points between the
helicopter and water tank. Finite element analysis (FEA) should be used in order to simulate the
structural integrity. Using computational fluid dynamic (CFD) analysis, simulations could have
been completed in order to test the thrust that the rotors produce at different angles of attack.
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where we were able to further our knowledge about designing a vehicle for a firefighting
mission. We are ecstatic to be applying what we learned in our aerospace classes to a project that
has tested our understanding of numerous concepts and could not have done so without those
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Appendix C: Reflections
Auston Kelley
It was an awesome experience to apply my knowledge of aerospace engineering and my
skills from being a loadmaster in the Air Force to this project. The vast majority of what I know
deals with fixed wing aircraft and not helicopters, so working on a helicopter allowed me to
expand my horizon. I oversaw the initial sizing, budget, engine selection, and the cost analysis
for our helicopter. My biggest hurdle was learning the mechanics of the Modified DAPCA IV
Model, but Dr. Khalid was very inciteful in showing me the error in my ways. I attempted to
perform a weight buildup using formulas from my aircraft design textbook but ran into some
trouble relating the fixed-wing equations to helicopters. In hindsight, I wish I was able to solve
the weight issue but might need further education or work experience with rotary aircraft.
Overall, this project challenged me and excites me for new project through my career in the
future. I am grateful for the knowledge that I gained through my aerospace minor.
Jose Bonilla-Martinez
As an aerospace engineering minor, it was exciting to finally apply everything I learned
in my aerospace and mechanical classes into something tangible. It was especially rewarding as I
had taken the helicopter theory class. Being that the case, I was tasked with designing the rotor
system and fuselage. I implemented many of the theories I had learned before such as the
momentum theory and blade element analysis. I also advised with other aspects of the project
35

such as the coaxial rotor system. After performing the analyses, I built the CAD model of the
fuselage and rotor system. This allowed us to perform a CFD analyses on the entire aircraft
which confirmed many of our results. Doing the calculations, design, and simulations for this
project was very fulfilling to me and I’m thankful for being able to work on this project with this
group.
Lance Mulkey
After four years in college, I was excited about applying my knowledge to solve a
problem pertaining to the aerospace community. Not only did I get to use my knowledge, but I
was also able to unleash my creativity at the problem. I mainly focused on the water tank system.
My main issue was weight savings whilst being able to carry 1200 gallons of water quickly.
Many of my solutions seem rough due to lack of time and computing hardware but were in the
interest of getting the most amount of strength while reducing weight. Everything needed to eb
cost effect along with interchangeable with other parts. That is why the S-64 Skycrane came to
mind as an idea to base our design around. It met all the factors it was just too large and
inefficient. All in all, I am grateful I was able to work on this project in my final semester at
KSU.
Eden Ricciardi
Being able to apply the knowledge from previous aerospace and mechanical engineering
courses to a real-world issue was exciting and challenging. I had the honor of being project
manager for this project and I could not have asked for a better team. Through hard work and
dedication, we were able to fulfill all of the design requirements and produce a realistic model of
the helicopter we had hoped to design. This project was challenging because 3 out of the 4 of us
had no previous experience with designing and performing analysis on helicopters. I personally
got to complete most of the literature research on the helicopter design topics such as co-axial
and bearingless rotors and I am grateful for the knowledge I gained from doing so. The aerospace
program at KSU has been a highlight of my experience as a engineering student. I have enjoyed
picking aerospace engineering to be a field of interest for myself and I am grateful to Dr. Adeel
Khalid who was our advisor during this project.
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Appendix D: Blade Element Momentum Theory Results
Momentum Theory Results (Max Weight)
Mass
13,608 Kg
Main rotor radius
8.382 m
FM
0.8 Air Density
1.2 Kg/m3
Area of the Disk
220.7218 m2
Thrust
266,984 N
Induced Velocity (v)
22.44992 m/s
Ideal Power
5993780 Nm/s
Actual Power
7492225 Nm/s
Actual Power (Hp)
10186.57 Hp
Disk Loading
70.92769544 kg/m.s2
Power Loading
0.004789434 kg/Nm/s
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Appendix E: Task List
Team Member:
Auston Kelley

Eden Ricciardi

Jose Bonilla-Martinez

Lance Mulkey

Contribution:
Budget
Sizing
Engine Selection
Helicopter Sketch
Cost Analysis
Abstract
Mission Profile
Major Developments
Methodology
Schedule
Coaxial Rotors
Bearingless Rotor System
Variable Rotor Speed Strategy (literature
review)
Helicopter Sketch
Decision Matrix
Conclusion
References
Appendix
Blade Element Momentum Theory
Variable Rotor Speed Strategy (calculations)
Power Requirements
Helicopter Sketch
Helicopter Fuselage CAD/Drawings
Helicopter Flow Simulations
Calculated Polar Drag
Introduction
System Overview
Design Requirements
Mission Profile
Water Tank
Water Tank CAD
Helicopter Sketch
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Appendix F: 24-Hour Missions Schedule
Mission:

Start Time:

Travel Time:
(min)

Ending Time:

Fuel and prepping for takeoff

6:00:00 AM

7

6:07:00 AM

Takeoff

6:07:00 AM

5

6:12:00 AM

Travel to local source

6:12:00 AM

39

6:51:00 AM

Fill water tank

6:51:00 AM

1

6:52:00 AM

Travel to fire

6:52:00 AM

8

7:00:00 AM

Weight drop

7:00:00 AM

15

7:15:00 AM

Return to local source

7:15:00 AM

8

7:23:00 AM

Fill water tank

7:23:00 AM

1

7:24:00 AM

Return to fire

7:24:00 AM

8

7:32:00 AM

Weight drop

7:32:00 AM

15

7:47:00 AM

Return to base

7:47:00 AM

39

8:26:00 AM

Distance (nmi)

100
20
20
20
100

*Please note each cycle shown above is repeated 10 times in a 24-hour period.
Appendix G: Footprint Dimensions Fire-Fighting Owl

Dimensions in inches*
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Appendix H: BEMT Numerical Analysis
c=
b=
R=
σ=
Clα=
θ=
Δr=
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955
0.20955

0.3
4
8.382
0.045572
6.283
0.00125
Station
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

CT=
0.028969464
r(n)=
0.104775
0.314325
0.523875
0.733425
0.942975
1.152525
1.362075
1.571625
1.781175
1.990725
2.200275
2.409825
2.619375
2.828925
3.038475
3.248025
3.457575
3.667125
3.876675
4.086225
4.295775
4.505325
4.714875
4.924425
5.133975
5.343525
5.553075
5.762625
5.972175
6.181725
6.391275
6.600825
6.810375
7.019925
7.229475
7.439025
7.648575
7.858125
8.067675
8.277225
8.382

θ(n)=
0.000015625
0.000046875
0.000078125
0.000109375
0.000140625
0.000171875
0.000203125
0.000234375
0.000265625
0.000296875
0.000328125
0.000359375
0.000390625
0.000421875
0.000453125
0.000484375
0.000515625
0.000546875
0.000578125
0.000609375
0.000640625
0.000671875
0.000703125
0.000734375
0.000765625
0.000796875
0.000828125
0.000859375
0.000890625
0.000921875
0.000953125
0.000984375
0.001015625
0.001046875
0.001078125
0.001109375
0.001140625
0.001171875
0.001203125
0.001234375
0.00125

CP or Q=
0.000178
λ(n)=
1.63703E-06
1.47279E-05
4.0881E-05
8.00394E-05
0.000132118
0.000197006
0.000274565
0.000364635
0.00046703
0.000581547
0.000707961
0.000846032
0.000995504
0.001156108
0.001327567
0.001509591
0.001701886
0.001904154
0.002116092
0.002337395
0.002567761
0.002806887
0.003054472
0.00331022
0.003573841
0.003845046
0.004123556
0.004409098
0.004701405
0.005000217
0.005305284
0.005616361
0.005933214
0.006255616
0.006583346
0.006916194
0.007253956
0.007596438
0.007943452
0.008294816
0.008472076

CTn=
5.14508E-09
1.38917E-07
6.43135E-07
1.76476E-06
3.75076E-06
6.8481E-06
1.13037E-05
1.73647E-05
2.52778E-05
3.52902E-05
4.76487E-05
6.26004E-05
8.03921E-05
0.000101271
0.000125484
0.000153278
0.0001849
0.000220597
0.000260616
0.000305204
0.000354607
0.000409074
0.000468851
0.000534184
0.000605321
0.000682509
0.000765995
0.000856026
0.000952849
0.00105671
0.001167857
0.001286537
0.001412997
0.001547483
0.001690243
0.001841524
0.002001573
0.002170636
0.002348961
0.002536795
0.002634354

CPn=
8.42267E-15
2.04596E-12
2.6292E-11
1.4125E-10
4.95544E-10
1.34912E-09
3.10362E-09
6.33176E-09
1.18055E-08
2.05229E-08
3.37334E-08
5.29619E-08
8.00307E-08
1.1708E-07
1.66588E-07
2.31387E-07
3.14679E-07
4.2005E-07
5.51487E-07
7.13381E-07
9.10547E-07
1.14822E-06
1.43209E-06
1.76827E-06
2.16332E-06
2.62428E-06
3.15863E-06
3.7743E-06
4.47973E-06
5.28378E-06
6.19581E-06
7.22566E-06
8.38361E-06
9.68046E-06
1.11275E-05
1.27363E-05
1.45193E-05
1.64891E-05
1.86589E-05
2.10422E-05
2.23185E-05
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Appendix I: Airfoil and Drag Polar
Airfoil and Drag Polar:

Appendix J: Helicopter Fuselage and Rotor Simulation Results
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Goal
Name
Drag

Unit

Value

Minimum
Value
0.313069619

Maximum
Value
0.619128264

Progress
[%]
100

Use In
Convergence
Yes

Delta

Criteria

0.563120665

Averaged
Value
0.544857754

[N]

0.098565258

0.099097652

Thrust

[N]

41194.32718

39458.33094

37999.29184

41194.32718

100

Yes

855.3507276

6414.807527

Lift

[N]

41193.76406

39457.78609

37998.96971

41193.76406

100

Yes

855.4001197

3912.054353
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