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I. INTRODUCTION

Vertical Take-Off and Landing (VTOL) Unmanned Aerial
Vehicles (UAVs) offer significant advantages in operations
requiring both vertical lift and efficient forward flight.
However, VTOL aircraft design is challenge in terms of
stability, control, and aerodynamic efficiency across flight
regimes. Aerodynamic analysis is conducted to determine the
variations of pressure distributions, lift and drag forces and
center-of-pressure (CP) movement all of which are important
towards design optimization and control modeling. This
study focuses on aerodynamic analysis of a small VTOL
fixed-wing UAV without using any additional actuators or
complex tilting mechanisms. The designed UAV only uses
the regular control surfaces such as Aileron, Rudder and
Elevator of the fixed wing aircraft for maneuverability.

Computational fluid dynamics (CFD) has become a essential
tool in aerodynamic design and analysis. Studies of flying-
wing VTOL UAVs revealed that CFD is effective in the
prediction of stability and flow separation which is critical in
transition controllability [1]. The structural and CFD studies
were also coupled which showed that aeroelastic effects at
high lift and inertia can be critical to performance and safety
[2]. CFD has also been useful in wing and fuselage
optimization to minimize drag and preserve lift as well as in
the prediction of aerodynamic coefficients by use of
turbulence models to provide reliable control inputs [3]. In
addition to CFD, low-order methods like XFLRS5 have been
used to facilitate initial design through evaluation of center-
of-gravity balance and optimization of wing geometry under
structural constraints [4] [5]. On this basis, th present work
implements CFD and XFLRS5 to examine the aerodynamic
forces, pressure field, and CP-CG interaction in a fixed-wing
UAV-VTOL.

II. METHODOLOGY

The research started with designing of fixed wing UAV
aircraft using 3D modeling software. The Fig. 1 presents the
3D model of our designed aircraft. Next aerodynamic
analysis was performed to optimize aerodynamic shape and
stability. This work involves the analysis of pressure
distribution, the computation of lift and drag forces, and
optimization of aerodynamic shape and configuration.
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Fig. 1. 3D Model of VTOL UAV

A. Flow Simulation

The modeled 3D UAV model was used to do aerodynamic
analysis using the Flow Simulation software. The
investigation considered external airflow conditions to
represent horizontal flight mode. The simulation was The
CFD setup modeled external aerodynamics in air (p = 1.225
kg/m?) at 101,325 Pa and 293.2 K, with an inlet velocity of
15 m/s. Gravity (-9.81 m/s?) was included, using a k—¢
turbulence model with 2% intensity and refined meshing near
wings and control surfaces. From this simulation Lift force in
Y, drag force in X, pitching torque about Z, and the location
of the center of pressure (CP) was obtained.

B. XFLRS5 Simulation

Next stability analysis was performed by using XFLRS. It
was used to model aerodynamic coefficients of the aircraft’s
wings and stabilizers. The Fig. 2. presents the wing and
stabilizer placement in the XFLRS.

The aerodynamic analysis was conducted at around 200 m
altitude with air density of 1.205 kg/m* and Reynolds
numbers between 141,000-236,000. Angles of attack from —
5° to +20° were evaluated using Lifting Line Theory (LLT)
and Vortex Lattice Method (VLM2) to capture acrodynamic
behavior and stability. The 2D and 3D analyses were done to
obtain lift coefficient (CL), drag coefficient (CD), and
moment coefficient (CM).

Fig. 2. Aircraft Modeling in XFLRS5
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III. RESULTS AND DISCUSSION

A. CFD Results

The following findings were obtained from the simulation. At
lower angles of attack (0—5°), the airflow remained attached,
producing smooth acceleration over the wing’s upper surface.
A minor flow separation was observed near the trailing edge
at 5°. The simulations resulted strong suction on the upper
surface and increased pressure on the lower surface of the
wing, generating sufficient lift. The resulting pressure
gradient aligned well with theoretical lift generation trends.
The pressure plot at AoA 5° is shown in Fig. 3 and concluded
simulation results are shown in the TABLE 1.

Then the forward shift of the CP with increasing AoA
indicated that the aircraft exhibited positive static stability
throughout the simulated range.

B. XFLR5 Results

In the XFLRS5 simulation CL increased nearly linearly with
AoA up to 10°, while CD showed gradual growth, consistent
with low-speed aerodynamic theory. Horizontal Stabilizer
produced stabilizing negative pitching moments at moderate
AoA, supporting longitudinal stability. Analysis of CL, CD,
and CM against AoA confirmed overall aircraft stability, with
stall predicted beyond 12°. The resulting graphs are presented
in Fig. 4.

These results confirmed the aerodynamic compatibility of the

designed aircraft to horizontal flight and gave parameters to
state-space modeling of the UAV control.

TABLE 1. SIMULATION RESULTS

Angle Lift Force Drag Force Centre of
of (y-direction) (x- direction) ressure
Attack y P
0° -0.06 N 0.43 N 484.2 mm
3° 453N 095N 216.9 mm
5° 5.08 N 0.54 N 179.9 mm

Fig. 3. Pressure Plot for AoA = 5°

06 —CL = CD cm

€L, CD,CM
o

2-15 305 0 05 1 T5=2.25 3 25 4 45 5 55 6 65 7 75 8 85

Alpha

Fig. 4. The Graphs of (a) CL Vs Alpha, (b) CD Vs Alpha, (c) Cm Vs Alpha

(@) b) () (d
Fig. 5. Test Flight (a)Vertical Take Off, (b)(c) Vertical to Horizontal
Transition, (d) Horizontal Flight

IV. CONCLUSION

Aerodynamic performance of a VTOL fixed-wing UAV with
regular control surfaces was tested using CFD and stability
analysis in XFLRS. These results indicated that lift improved
with the angle of attack, but the drag was not too high to allow
the flight at horizontal levels. Distributions of pressure and
velocity confirmed the effective lift generation and the
forward movement of center of pressure was a sign of
positive static stability within the entire AoA range tested.

XFLRS analysis supported these findings by showing nearly
linear lift growth, gradual drag increase, and stabilizing
pitching moments from the horizontal stabilizer. The two
approaches combined to confirm the design as
aerodynamically appropriate to steady horizontal flight, and
to obtain aerodynamic coefficients that were used to model
the control system. This was the initial analysis for our VTOL
UAV. In future work, the simulations will be extended to
unsteady conditions, representing the transition dynamics
more accurately. Based on these findings, prototype UAV
was constructed and flight tested successfully and presents in
Fig. 5. And also, the results will be presented in subsequent
publications.
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