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Abstract: This paper presents the modeling, aerodynamic characterization and mission performance
analysis of a seaplane design that is based on the AeroVolga Borey, utilizing a baseline Rotax 912 ULS
engine configuration. The seaplane, with its amphibious capabilities, plays a critical role in connecting
remote regions, yet detailed aerodynamic analyses of such aircraft are scarce. This study aims to address
the gaps by focusing on the seaplane's acrodynamic properties and mission performance. A 3D-printed
model of the Borey seaplane was tested in an open-loop wind tunnel, providing lift and drag coefficients
under various flight conditions. From the experimental results, the highest lift-to-drag ratio was found
to be 8.9. The aerodynamic data were then integrated into a mission performance simulation to assess
its fuel burn, range and performance in different flight phases. On the whole, the study finds that the
resultant aerodynamic and mission performance characteristics are aligned closely with the benchmark
design data, highlighting the Borey's big potential as a short-to-medium-range seaplane. The maximum
range calculated is 685 km, with error of 7.4% relative to the design specification. Findings from this
study further contribute to a better understanding of seaplane performance, with practical applications
for seaplane design and mission planning.
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1. Introduction

Seaplanes serve a unique role in aviation by combining both maritime and aerial capabilities, making
them essential for connecting remote and also water-abundant regions. The Borey seaplane is a single-
engine, amphibious aircraft that is capable of operating from both land and also water. It has an empty
weight of 350 kg, a maximum weight of 650 kg, and a take-off distance of 350 meters on land and 450
meters on water [1]. Despite their importance, seaplanes remain essentially underexplored in terms of
detailed aerodynamic analysis. Previous researches on seaplanes frequently highlights the challenges of
balancing hydrodynamic and aerodynamic performance, particularly with regards to the drag penalties
imposed by water operations [2]-[3]. However, there are also studies that provide a detailed exploration
of the aerodynamic performance of amphibious aircraft including the Borey. This study addresses that
gap by examining the aerodynamic properties and mission performance of the Borey using wind tunnel
data and mission simulations.

Seaplanes have gained renewed interest due to their unique capability to operate in remote, water-
centric regions, supporting activities such as marine tourism, transport and environmental monitoring.
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A study on the seaplane operations in Gili Iyang, Indonesia, highlights their role in advancing the marine
tourism and regional connectivity, emphasizing the importance of strategic deployment for sustainable
economic growth [4]. In terms of market trends, amphibious aircraft have shown a steady increase in
demand within civil aviation, particularly in areas requiring versatile access where traditional runways
are unavailable. This growing demand aligns with broader transportation trends toward more flexible,
multi-purpose aviation solutions. Regarding future technologies, the shift towards more electrification
and hybrid power systems is pivotal for greener seaplane operations. The hybrid powertrains are being
explored to reduce emissions and improve fuel efficiency, which is particularly relevant in the aviation
sector’s drive for higher sustainability. A comprehensive review of powertrain electrification strategies
emphasizes that hybrid and electric engines could reduce greenhouse gas emissions and noise pollution,
making them ideal for sensitive and eco-conscious regions [5]. Furthermore, with the advancements in
autonomous flight technology, there is a great potential for seaplanes to be employed in many persistent,
unmanned missions, further extending their operational capabilities in various industries.

The Borey seaplane, equipped with a Rotax 912 ULS engine, offers an ideal platform for studying
the interaction between aerodynamics and mission performance in amphibious aircraft. This study seeks
to provide comprehensive insights into the aerodynamic behavior of the Borey seaplane, as shown in
Figure 1, with the focus on how its design and engine configuration influence its mission performance,
including fuel consumption and also operational range. The primary goal is to analyze the aerodynamic
performance and mission capabilities of the Borey seaplane using its baseline Rotax 912 ULS engine
configuration. Findings from this study will contribute to the efforts in optimizing seaplane design and
improving its operational efficiency. The detailed aerodynamic data can help in refining lift and drag
characteristics while the mission analysis can offer practical insights into the fuel consumption patterns.
This research might also serve as the foundation for future studies in exploring alternative powerplant
configurations such as hybrid or electric propulsion systems.

Figure 1: Borey Aircraft [6]

2. Methodology

In short, this study gathered aerodynamic data through wind tunnel testing of a 3D-printed model
to accurately characterize the aerodynamic properties of the aircraft. Following this, a simulation model
was developed to integrate both the aerodynamic and engine performance data. Using this model, the
mission performance was analyzed, focusing on key parameters such as fuel burn and range estimation
across different flight phases. These phases were evaluated to provide insights into the efficiency and
endurance of the aircraft under several different operational conditions. Detailed description on the
methodology that was followed in this study is presented in the following sections.
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2.1. Aerodynamic data acquisition

The process of aerodynamic data acquisition started with the detailed preparation of a scaled model
of the Borey seaplane using computer-aided design (CAD) software, SolidWorks. The model was based
on dimensionless sketches with a careful attention given to maintaining the aircraft’s proportions and
aerodynamic features as closely as possible to the actual Borey seaplane. This included replicating key
design features such as the transition from the keel to the tail and also integration of accurate fuselage
dimensions. Challenges arose in capturing the complex curves, which required iterative adjustments to
achieve a balance between model accuracy and structural stability. The 3D model was then divided into
multiple parts, which were later 3D printed using a Creality CR-10 printer with 50% infill. This structural
integrity was essential to ensure that the model could withstand the forces it would encounter during
the experimental wind tunnel testing. The assembly of the parts was achieved using carbon rods as the
reinforcements within the wings, providing additional support while preserving aerodynamic fidelity.
The transposing of the 2D drawings to 3D representation is depicted in Figure 2. Table 1 and Table 2
list the geometric and also airfoil data used as reference in the CAD model and the scaled down version,
respectively. Based on the shape of the airfoil, the reference airfoil is assumed to be Clark-Y type.

Figure 2: Constructed CAD model of the Borey seaplane

Table 1: Reference data used for the CAD modelling

Parameter Value Description
Airfoil Type Clark-Y Commonly used, flat-bottom airfoil
Chord Length 1.48 m Distance from leading to trailing edge
Thickness—t'o— 11.70% Airfoil thickness as a percentage of
Chord Ratio chord length
unber | | Yo pecnueof
Leading Edge Approximately Leading edge rounded radius (varies
Radius 0.04 - 0.05 m slightly with chord)
Wing Area 10 m? Total surface area of the aircraft wing
Span 9.76 m Measurement of the wing's width

from tip to tip
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Table 2: Reference data used for the 3D model construction

Parameter Value Description
Airfoil Type Clark-Y Commonly used, flat-bottom airfoil
Chord Length 0.105m Distance from leading to trailing edge
Thickness—t.o— 11.70% Airfoil thickness as a percentage of
Chord Ratio chord length
e | s | M b g o
Leading Edge Approximately Leading edge rounded radius (varies
Radius 0.00284 — 0.00355m | slightly with chord)
Wing Area 0.71 m? Total surface area of the aircraft wing

Measurement of the wing's width

Span 069 m from tip to tip

To fit into the Universiti Putra Malaysia (UPM) Low-Speed Wind Tunnel testing area, the model
was scaled down to about 7.1% of its original size, allowing it to conform to the wind tunnel’s spatial
constraints. Therefore, the wingspan of the wind tunnel model is 0.69 m. Figure 3 shows the 3D printer
design files in addition to the printed parts. The pieces were then attached together using epoxy resin
adhesive. Once assembled, the model’s surface underwent intense smoothing using sandpaper, moving
from coarse to fine grit to achieve a seamless finish. A primer layer was subsequently applied to highlight
any imperfections, followed by a white paint coat, which served a dual purpose of aesthetics and also
aerodynamics. Finally, a layer of wax was applied to reduce the skin friction drag. The final assembled
model is shown in Figure 4.

The UPM Low-Speed Wind Tunnel was used to simulate various airflow conditions around the
Borey aircraft model. The model was mounted within the test section using three metal rods connected
to a six-axis component, allowing for precision adjustments of the angle of attack (AoA), which ranged
from -9° to +15°. The wind tunnel was operated at airspeeds from 3 m/s up to 21 m/s, allowing for a
comprehensive analysis of lift and drag forces across different flight scenarios. The installed model in
the wind tunnel test section is depicted in Figure 5. At each angle of attack, the forces acting on the
model, i.e. side force, drag and lift (F, Fy , I,), in addition to roll, pitch and yaw moments were measured
using a six-component balance. These measurements were used to derive the drag and lift coefficients.
A secondary test was performed exclusively on the rods and plates that held the model in place. This
allowed for the calculation of interference forces, which were then taken into account when calculating
the drag coefficient.

3
3 A N Center Wing Structure
' ‘ \e i
“ - 3 ".

(a) Sliced parts (b) Creality CR-10 3D Printer (c) Carbon rods in the wing

Figure 3: Fabrication process of the model
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Figure 4: Final assembled model Figure 5: Strapped model in the wind tunnel

The lift and drag coefficients were calculated using Equation 1 and Equation 2, respectively, where
p is density of air (kg/m?), v is velocity of the aircraft (m/s), S is wetted upper atea of the aircraft (m?),
Cy, is coefficient of lift, Cpis coefficient of drag, L is lift force (N) and D is drag force (N).
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2.2. Mission performance simulation

The mission simulation began with geographical data collection from Google Earth. Waypoints
along the intended flight path were selected, including take-off, climb, cruise and descent points. Each
waypoint’s latitude and longitude were recorded to provide an accurate representation of the flight path
and support the waypoint-based mission analysis. The waypoint-based analysis involved mapping out
each flight phase along the path, with each waypoint acting as a node for analyzing performance metrics
such as altitude, speed and also fuel consumption. These parameters were updated dynamically in the
simulation model as the Borey aircraft transitioned from one waypoint to the next. Figure 6 shows the
regional mission area (Peninsular Malaysia — Sumatera) used for the analysis.

Figure 6: Geographic mission area
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2.3. Fuel burn estimation

Fuel burn was calculated using available data in the Rotax 912 ULS engine manual. The correlation
of shaft power to specific fuel consumption is obtained from publicly available engine data for Rotax
912S engine [7] and this is shown in Figure 7.

20
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SFC (g/kWh)
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0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
Power (kW)

Figure 7: Power vs SFC

Certain power settings were used for the specific phases: take-off occurred at 100% power (which
corresponds to 100 hp), cruise at 75% power and adjustments were made for other phases. Water drag
forces were also factored into fuel consumption during water-based take-offs, using the drag equation
for water to account for the extra power needed as in Equation 3, where Fp, is drag force of water (N),
p is density of water (kg/m’), A is the lower wetted area (m?) and Cy,,, is drag coefficient of water.

1
Fp = EpAvZCdW ©)

Summing the calculated fuel burn at each phase, the total fuel consumption for the entire mission
was derived, giving a realistic assessment of operational efficiency under various loads and conditions.
The Breguet Range Equation was then applied to determine the Borey’s maximum range, as shown by
Equation 4, using the lift-to-drag ratio from wind tunnel data and specific fuel consumption at cruise.
In this equation, R is range (km), 7, is propeller efficiency, SFC is specific fuel consumption (g/kWh),

Cy, is lift coefficient, Cp is drag coefficient, Wy is gross mass (kg) and wy is empty weight (kg).

Npr Cp, (WO)
R=-2 "Ly (=2 4
SFCCp " \wy @

The propeller efficiency of the seaplane is calculated to be 70% using Equation 5, where 1, is
propeller efficiency, U, is exit velocity (m/s) and U is velocity of the aircraft (m/s). The design range
of the aircraft is 740 km or 400 nm at cruise speed of 70 knots. The analysis was done for both no-
payload and maximum-payload conditions to illustrate how weight and fuel load impacted the Borey’s
operational limits.
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3. Results and Discussion

3.1 Aerodynamic characterization

From the wind tunnel testing, the graphs of lift and drag coefficients and versus angle of attack are
shown in Figure 8 after accounting for interference such as the rods where another test was performed
only on the rods then subtracted the results of the lift and drag coefficients respectively from the original
result. As could be seen in Figure 8, lift increased proportionally with speed and angle of attack up to a
certain point. The maximum lift coefficient, C;. was observed at an angle of approximately 10°, beyond
which the lift force started to decrease as the model approached the stall condition. Correspondingly,
drag coefficient, Cp increased as the angle of attack rose, reflecting the expected increase in resistance
due to higher acrodynamic forces. At low angles of attack, the drag remained minimal, contributing to
efficient cruise performance whereas higher angles resulted in sharp increases in drag. To quantify the
efficiency of the model, the kift-to-drag (I./D) ratio was calculated for each test condition. The L/D
ratio reached its peak at an angle of attack of 3°, indicating an optimal aerodynamic configuration for
cruising. This peak L/D ratio of 8.9 can be taken to suggest that the Borey aircraft is most efficient in
terms of lift versus drag at low angles of attack, making it suitable for steady cruise performance under
standard mission conditions. Further validation was performed by comparing wind tunnel results with
the simulation outputs from MachUp (Utah State University, 2024.). Figure 9 presents the lift and drag
coefficients, which has similar results as the original wind tunnel test. Therefore, the wind tunnel test
results were used for this paper.

2 2.5
2
L,Q 1.5
%) 2
3 Q
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1
-20 20
@ 0
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= CL_corrected C_D calculation —o—CL cD
Figure 8: €} and Cp versus AoA Figure 9: C;, and Cp in MashUp results

Based on the experimental data obtained, the plots for lift and drag of the aircraft versus speed are
shown in Figure 10. With maximum all up mass of 650 kg, the minimum velocity for lift is 40 knots
while the highest is 43 knots. The power curve for the aircraft is shown in Figure 10, where it could be
seen that the maximum speed attainable by the seaplane is at 90 knots at 100% engine shaft power. The
power in kilowatt calculated was by multiplying 0.001 with the drag in Newton and the respective speed
in m/s. The RPM and the specific fuel consumption or the SFC were obtained using regression analysis
as illustrated in Figure 11. Using curve fitting function in Microsoft Excel, it calculates the best-fit values
by minimizing the difference between the actual data points and the fitted curve. The quality of the fit
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is measured using the coefficient of determination, R% An R? value close to 1 indicates that the fitted
curve explains 46 most of the variability in the data. In this study, the resulting equation from the curve
fitting is SFC =5 * 10°* - RPM 2.3239. This equation is detived from regression analysis and represents
the relationship between SFC and RPM for the data set. This is a practical method to predict the SFC
with different RPMs.

250 30
25 — GE-OR]x2-3239
= =0.
< = 20
- max power s
o 150 =
3 2
o = 15
a pr
100 <
10
50 5
0 0
0 50 100 150 2500 3500 4500 5500
Speed (kts) RPM
Figure 10: Power versus speed Figure 11: RPM versus SFC

As indicated in Figure 12, at lower speeds with 0° angle of attack, lift is lower than weight and this
indicates insufficient lift to sustain the flight. As the speed increases, lift also begins to equal the weight,
indicating that the aircraft can start to take off. As confirmed with Figure 12, the intersection points of
both the weight and the lift where climb can occur, changes depending on the angle of attack. The lift
at 12° angle of attack with 100 hp at 5800 RPM is 7994.81 N and the maximum weight for the aircraft
is 650 kg multiplied by 9.81 gives 6376.5 N. Solving for the only unknown variable gives FD equals to
1617.87 N. For the rate of climb, it depends on the available excess power of the aircraft. In the case
of the Borey aircraft, it has a maximum power of 73.5 kW. So, in case of the climb phase, if the current
power used is 60 kW and the mass is 600 kg, the maximum power will be subtracted from the current
power usage, and then divided by the weight, all in SI units. In this case, it will be 13500 W divided by
5886 N, which would equal to 2.29 m/s of climb. Calculating the rate of climb with different variables
than the previous climb calculation, for take-off would be as follows; the velocity would be 23 m/s and
the angle of attack would be 12°. Inserting those values will bring a climb rate of 4.78 m/s.
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Figure 12: Weight and lift versus speed at AoA of 0° and 1,000 ft altitude
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To determine the mass airflow, the propeller blade area, velocity and air density were considered.
With a propeller diameter of 1.8 m, the area was calculated to be 2.54 m?. Using an air density of 1.225
kg/m?® and aircraft velocity of 23 m/s, mass airflow was found to be 71.56 kg/hr. The Borey aircraft’s
range variables is accounting for the maximum L/D, minimal specific fuel consumption (SFC) and the
highest possible ratio of maximum weight to empty weight. This yielded a range of 720.6 km, closely
aligning with the official performance figures.

Take-off

For take-off at maximum payload, the engine requires 5800 RPM, corresponding to 100 hp or 73.5 kW
of output. Multiplying this power by specific fuel consumption (SFC) of 285 g¢/kW.ht (from regtession
analysis) results in a fuel burn rate of 20,520 g/hr. Using fuel density of 720 g/, this translates to a fuel
burn of 28.5 1/ht, which differs by 1.5 1/hr from the value in Table 3.

Table 3: Engine fuel consumption

Fuel consumption Model: 912 S/ULS
At take-off performance 27.01/h (7.1 gal/hr)
At maximum continuous performance 25.01/h (6.6 gal/hr)
At 75 % continuous performance 18.51/h (4.9 gal/hr)
Specific consumption at maximum continuous performance | 285 g/kW.hr (0.47 1b/hp.hr)

Climb
During climb, the aircraft operates with a 6° angle of attack and an engine RPM of no more than 5500.

With power output of 70 kW and SFC of 255 g/kW. hr, the fuel burn rate is 24.79 1/hr, differing from
the manufacturer’s figure by 0.21 1/hr.

Cruising

Recommended cruise speeds are 70, 75 and 80 knots, requiring 4200, 4500 and 4700 RPM, respectively.
At 80 knots with 4700 RPM, the engine output is 65 kW with SFC of 190 g/kW._ht, yielding a fuel burn
of 12,350 g/ht. Dividing by the fuel density, this results in 17.15 1/hr, differing by 2.85 1/hr from the

manufacturer’s data.

Landing
Landing procedures use 6° angle of attack with a reduced engine power output of 45 kW, corresponding

to an SFC of 100 g/kW.ht. This produces a fuel burn rate of 4500 g/ht, or 6.25 1/ht, which is 0.75 1/ht
lower than the manufacturer’s figure of 7 1/hr.

No Payload Fuel Burn

For the no-payload condition with a weight of 500 kg, the detailed fuel burn values for each segment
are summarized in Table 4.

Table 4: Fuel burn with no payload

Flight Phase Fuel Burn 1/hr
Take-Off 21.92
Climb 19.07
Cruise 13.19
Descent 4.81
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3.2 Mission performance

During take-off, fuel consumption was highest at approximately 27 1/hr, reflecting on the increased
power demands. During cruise at 75% power, the fuel burn rate stabilized at 18.5 1/hr, offering an
efficient range balance between fuel use and performance. Figure 13 and Figure 14 display the altitude
versus time graphs for two missions, one covering 207 km and the other 720 km. These graphs highlight
the fuel burn patterns across each flight phase, with steeper fuel usage during ascent phases and lower
consumption during steady cruise segments. By analyzing these consumption patterns, the simulation
revealed the Borey aircraft’s operational efficiency under both full and partial payload conditions.

Altitude vs Time for 207.3 km Mission Altitude vs Time for 720.1 km Mission

3000 000 T
2500 2500
2000 2000
g g
¥
£ 1500 3 1500
g 2
1000 M
500 500 J
o o

1] 20 40 60 80
Time (minutes)

Figure 13: Altitude vs Time for Mission 1 Figure 14: Altitude vs Time for Mission 2

The maximum range of the Borey aircraft was calculated using the Breguet Range Equation with
the previously gathered acrodynamic data, which gave an estimated theoretical maximum range of 740
km. This range estimation also factored in optimal lift-to-drag ratios, propeller efficiency and specific
fuel consumption rates, indicating the suitability of the Borey aircraft for medium-range missions. In
addition, the comparison between no-payload and maximum-payload scenarios showed variations in
range, with payload weight affecting the fuel burn rates and the overall efficiency. The payload analysis
demonstrated that carrying the additional weight reduced the range due to increased fuel consumption,
particularly during take-off and climb phases. This insight underscores the importance of balancing the
payloads and fuel for the optimal mission planning, as heavier payloads will reduce the effective range,
impacting mission flexibility for longer flights. Table 5 shows that, with a 20-liter fuel reserve out of the
90-liter usable fuel tank, the scenario in which there is no payload could perform the mission without
tapping into the fuel reserves. Unlike the first case, the second scenario exceeds the 70 kg of operational
fuel and it uses 10.15 kg extra of fuel that would be for the reserve fuel.

Table 5: Fuel consumption for Mission 2

. No Payload Fuel | Maximum Payload
Flight Phase Bumn (kg) Fuel Burn (ig)
Take-Off 0.7672 0.9975
First Climb 0.463 0.55
Second Climb 1.096 1.425
Cruise 66.825 80.708
Descent 0.668 0.868
Total 69.82 84.54
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By inserting the weight values of this specific mission, the values of range in cruise can be calculated
using the Breguet Range Equation. In this case, for maximum payload and maximum fuel, the estimated
range was found to be 128.7 km. On the other hand, for no payload and maximum payload, the range
was estimated to be 685.9 km. By using linear interpolation with these two calculated points, Figure 15
depicts the resultant payload-range trade-off plot.

Payload Range Diagram

—— Max Payload Scenario

140 4 —— No Payload Scenario
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. T - T r -
0 100 200 300 400 500 800 700
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Figure 15: Payload-range plot

The results obtained for the Borey seaplane align well with the established aerodynamic principles
observed in similar seaplanes. Studies such as those by Frant et al. (2021) on the float-equipped aircraft
have indicated that seaplanes face higher drag coefficients due to floats, which reduce overall efficiency
during cruise phases. The Borey aircraft’s optimal L/D ratio at low angles of attack essentially reflects
these acrodynamic trade-offs and underscores the design focus on maintaining efficiency at moderate
speeds. Furthermore, the waypoint-based mission analysis approach used in this study takes inspiration
from techniques commonly applied in UAV and small aircraft studies, allowing for detailed assessments
of fuel burn and range [8]-[9]. Although there were relatively small differences in the results such as the
range and fuel burn, the obtained results from this study were not significantly deviated from the aircraft
manufacturer data as seen in Figure 16.
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Figure 16: Calculated versus manufacturet’s fuel burn data
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3.3 Opverall findings

The results from the wind tunnel testing and mission simulation provide a comprehensive view of
the Borey seaplane's acrodynamic and mission performance characteristics. The data indicates that the
Borey aircraft achieves its optimal L/D at a low angle of attack of around 3° and this condition is vital
for maximizing efficiency during cruise flight. This peak L./D ratio of 8.9 aligns with the Borey aircraft’s
mission profile, which is mainly oriented towards steady, medium-range cruising rather than high-speed
ot highly dynamic maneuvers. The aerodynamic testing demonstrated that, as expected, drag increases
significantly at higher angles of attack with a noticeable rise beyond 10°. This behavior limits the Borey
aircraft’s capability to operate efficiently at high angles, making it more suitable for low- and moderate-
speed operations. This characteristic is ideal for a seaplane that needs to balance aerodynamic efficiency
with additional drag forces encountered during take-off and landing on water. The mission performance
simulation results further validate the Borey aircraft’s design efficiency under realistic mission condition.
Fuel burn rates were shown to stabilize during cruise phases, supporting the theoretical maximum range
of 740 km calculated using the Breguet Range Equation. This range estimation was consistent with the
aerodynamic data obtained from wind tunnel testing, confirming the model’s reliability in representing
the Borey aircraft’s performance. However, the analysis also highlighted a reduction in range when the
aircraft operates with maximum payload, emphasizing the importance of the payload management for
optimizing mission efficiency.

The results obtained for the Borey seaplane align well with the established aerodynamic principles
observed in similar seaplanes. Studies such as those by Kusuma et al [10] on the float-equipped aircraft
have indicated that seaplanes face higher drag coefficients due to floats, which reduce overall efficiency
during the cruise phases. The Borey aircraft’s optimal L/D ratio at a low angle of attack reflects these
aerodynamic trade-offs and underscores the design focus on maintaining efficiency at moderate speeds.
Furthermore, the waypoint-based mission analysis approach used in this study mirrors the techniques
commonly applied in unmanned aerial vehicle (UAV) and small aircraft studies, allowing for detailed
phase-by-phase assessments of fuel burn and range. By segmenting the mission into specific waypoints,
the simulation captures the unique demands placed on seaplanes, such as the fuel-intensive take-off and
climb phases. This segmentation provides a granular view of the Borey aircraft’s operational efficiency
and reveals valuable insights into fuel-saving strategies during real-world missions.

The aerodynamic insights gained from this study offer important implications for the future design
and the optimization of seaplanes. The high L/D ratio at a low angle of attack indicates that designs
intended for efficient cruising would benefit from minimizing drag-inducing features. For the Borey
aircraft, maintaining a lightweight structure and optimizing the hull design to reduce drag during water
take-offs could further improve fuel efficiency, making the seaplane even more suitable for extended
missions. The mission performance analysis also suggests that the seaplane designs could benefit from
optimized fuel management systems that adapt to changes in payload and mission profile. By integrating
more efficient propulsion systems or adjusting power output during non-cruise phases, designers could
extend the range capabilities and reduce the operating costs. For the Borey aircraft, this could mean
investigating hybrid or alternative powerplant options in future configurations, which might offer extra
fuel savings and reduced environmental impact.

4. Conclusion and future work

This study successfully analyzed the aerodynamic and mission performance characteristics of the
Borey seaplane, emphasizing its potential as an efficient, short-to-medium-range amphibious aircraft.
The primary objectives, which include collecting the aerodynamic data through the wind tunnel testing,
developing a simulation model and analyzing fuel burn across various flight phases, were met, providing
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a detailed assessment of the seaplane’s capabilities. The aerodynamic testing revealed that the Borey
aircraft achieves an optimal /D at low angles of attack, particularly favorable for cruise efficiency. This
aligns well with the theoretical aerodynamic principles and also demonstrates the Borey aircraft ’s design
suitability for moderate-speed, efficient cruising. The mission performance analysis also underscored
the Borey aircraft's range capabilities, showing that factors like payload weight significantly affect fuel
consumption and range, especially during the fuel-intensive flight phases like takeoff and climb. The
waypoint-based mission simulation provided insights into the fuel-saving strategies such as balancing
payload with fuel to optimize range and highlighted potential design improvements for future seaplane
models. These findings offer valuable implications for improving operational efficiency and they also
lay a foundation for future studies in exploring alternative powerplant configurations such as hybrid-
electric engines to enhance fuel efficiency and reduce emissions. Overall, this research contributes to
the understanding of seaplane performance with practical applications for seaplane design and mission
planning and provides a basis for exploring advanced propulsion technologies in amphibious aviation.

While this study provides valuable insights into the Borey seaplane’s performance, there are several
limitations that must be acknowledged. The 3D-printed model used for wind tunnel testing was scaled
down, which may introduce scaling effects not present in a full-scale model. Scaling down an aircraft
to 7.1% of its original size for wind tunnel testing introduces challenges such as Reynolds and Mach
number mismatches, which affect boundary layer behavior. Surface roughness and also flow separation
differ at smaller scales, leading to inaccuracies in drag and lift measurements. Structural deformations,
propulsion interactions and wind tunnel wall interference further complicate results as these factors do
not scale proportionally. Despite these limitations, techniques like corrections, precise manufacturing
and sanding the surface of the model help to mitigate the discrepancies. Though every effort was made
to ensure accuracy, the limitations of scaling mean that further studies with a full-scale model would be
beneficial to fully validate the findings. This study did not account for real-world environmental factors
such as wind turbulence or wave interactions, which are critical in shaping the performance of seaplanes.
These factors can introduce additional drag, affect lift generation and influence stability, particularly
during critical phases like take-off, landing and low-speed operations on water. Ignoring these variables
may lead to an overly optimistic estimation of performance metrics such as range, fuel efficiency and
operational reliability. Therefore, future work should also incorporate these environmental interactions
to provide more accurate and practical assessment of the seaplane's capabilities. Additionally, the study
was focused on the baseline ROTAX 912 ULS engine configuration and future work could explore the
alternative power configurations such as hybrid-electric engines to evaluate potential improvements in
fuel efficiency and environmental impact. Similarly, extending the waypoint-based mission simulation
to incorporate varying environmental conditions such as wind or wave interaction during take-off and
also landing on water could provide more robust view of the Borey aircraft’s real-world operational
capabilities. Finally, while the waypoint-based analysis was effective in modeling mission performance,
further refinement of the simulation model to include real-time environmental changes could enhance
the accuracy of the range and fuel consumption estimates. Future studies may also benefit from a more
extensive dataset, incorporating a wider range of the operational conditions to fully capture the Borey
aircraft’s capabilities and limitations in diverse environments.
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