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Abstract: This research presents a systematic aerodynamic evaluation of the RR Lentus motor
glider through a digital reverse engineering workflow. Due to the absence of proprietary
manufacturer data, the study focuses on reconstructing a high-fidelity digital twin to predict flight
behavior and stability characteristics. The methodology integrates geometric acquisition via
photogrammetry with specialized design tools, utilizing winghelper for structural visualization
and xflr5 for computational fluid dynamics (CFD) analysis based on the vortex lattice method
(VLM). The analysis follows a dual-stage approach: a 2D analysis of the NACA 4407 and NACA
0009 airfoils to determine section polars, followed by a comprehensive 3D simulation of the full
aircraft assembly. Key performance metrics, including the total lift-to-drag ratio (C/Cg4) and
longitudinal stability derivatives, were quantified under international standard atmosphere (ISA)
conditions. Furthermore, a detailed mass-moment analysis was conducted to localize the center of
gravity (CG) at 33% of the mean aerodynamic chord (MAC), ensuring a balanced flight envelope.
The findings provide a technical baseline for the aerodynamic validation of high-performance RC
gliders, demonstrating the efficacy of open-source simulation tools in academic UAV research.

Keywords: analysis, reverse engineering, WingHelper, XFLR5, Vortex Lattice Method.
Symbols and acronyms:

C Lift coefficient VLM Vortex Lattice Method
Cq Drag coefficient Re Reynolds number
C/Cq Lift-to-drag ratio UAV Unmanned Aerial Vehicle
C. Total lift coefficient MAC  Mean aerodynamic chord
Co Total drag coefficient AoA (o) Angle of Attack
C./Cp Total lift-to-drag ratio MTOW  Maximum Take-Off Weight
CG  Center of gravity ESC Electronic Speed Controller
RC  Radio Control CAD  Computer-Aided Design
CED Compu'_[ational Fluid OEM Original Equipment
Dynamics Manufacturer
NACA National Ad\(isory Committee ISA International Standard
for Aeronautics Atmosphere

1. INTRODUCTION

The study of contemporary radio-controlled (RC) aircraft necessitates a shift from
observational testing toward theoretical validation. This research focuses on the RR Lentus, a
high-performance motor glider developed by Multiplex specifically for thermal soaring and
slope soaring applications. According to manufacturer specifications, the aircraft incorporates
an advanced airfoil design that facilitates a broad dynamic flight envelope and controlled
landings through a four-flap "butterfly” (crow) configuration [1].
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In its standard Ready-for-Radio (RR) iteration, the model is equipped with a ROXXY
brushless power system optimized for 3S LiPo configurations, utilizing six Hitec HS-65HB
servos to actuate the primary control surfaces: elevator, rudder, ailerons and flaps. While
Multiplex provides this baseline operational parameters-along with options for aerotow
releases or retractable landing gear, the full suite of aerodynamic coefficients remains
proprietary and is not publicly documented.

The primary objective of this study is to address this informational deficit by synthesizing
the missing technical parameters through high-fidelity simulation. Moving beyond the
general descriptions provided by the manufacturer, this paper adopts a reverse engineering
methodology. By digitizing the physical geometry of the airframe and performing a
computational analysis within the XFLR5 environment, we aim to establish a quantitative
baseline for the aircraft's longitudinal stability and aerodynamic efficiency.

2. METHODOLOGY AND GEOMETRIC RECONSTRUCTION

A precise digital replica of the RR Lentus was engineered to ensure the accuracy of
the subsequent aerodynamic evaluations. Given that proprietary CAD data is unavailable,
the model was reconstructed using an integrated three-phase workflow: photogrammetry
for geometric capture, structural definition and the final aerodynamic modeling.

2.1 Geometric acquisition. To facilitate the 3D reconstruction, the model's geometry
was first mapped using ImageOnline (Fig. 1) [2]. A top-down photographic analysis,
calibrated against the 3000 mm wingspan, allowed for the precise identification of chord
lengths and sweep angles at multiple stations, forming the structural basis of the
simulation model.
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FIG. 1 Geometric acquisition and dimensioning using ImageOnline
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2.2 Structural and propeller modeling. Based on the extracted measurements, the
wing geometry was visualized using WingHelper [3]. This software allowed for the
definition of the aerodynamic surfaces, including the dihedral angles and the placement of
control surfaces (Fig. 2). The wing employs a classic rib-and-spar construction. The
aerodynamic profile is defined by a series of ribs, generated according to the NACA 4407
coordinates [4], featuring lightening holes to optimize the strength-to-weight ratio. The
primary aerodynamic loads are carried by a dual-spar system (upper and lower caps
connected by shear webbing) running spanwise, designed to resist bending moments
during flight.

(@)

(b)

FIG. 2 3D Wing reconstruction in WingHelper

2.3 Aerodynamic model construction. Constructing the analysis model in XFLR5
[5] represented the most complex stage of the workflow. Based on the previously
captured spatial data, the simulation model was synthesized by defining the aircraft’s
aerodynamic components, including the wing, empennage surfaces and fuselage body, to
ensure an accurate representation of the physical airframe.

The wing geometry was built in XFLR5 by entering the chord lengths and positions
obtained from the image calibration. Since exact technical drawings were unavailable, the
sweep angles and the dihedral seen in Fig. 3 were approximated based on top and front-
view photographs. The red line in the 3D view shows the airfoil section, while the
wireframe mesh defines the surfaces where the software calculates lift.
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FI1G. 3 XFLR5 geometric model of the wing assembly showing front, top and isometric views

A similar process was used for the horizontal stabilizer, as shown in Fig. 4. The span
and chord were set according to the digitized measurements, while the overall shape was
adjusted to match the visual proportions of the RR Lentus. This model uses a symmetrical
profile to ensure the tail remains neutral during flight, which is essential for longitudinal
balance.

FIG. 4 3D visualization of the elevator assembly in XFLR5, showing the front, top and isometric views

The vertical fin was modeled by defining its height and taper ratio in the XFLR5
geometry editor, as seen in Fig 5. The sweep of the leading edge was approximated to
follow the aircraft's scale appearance. This surface provides the necessary directional
stability to keep the glider aligned with the airflow during thermal turns.
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FIG. 5 3D visualization of the fin assembly in XFLR5, showing the front, top and isometric views.

Figure 6 shows the fuselage body, which was created using a series of circular and
elliptical cross-sections. These sections were scaled and positioned to replicate the
streamlined shape of the real motor glider. Although the fuselage produces very little lift,
including it in the model is important for a more realistic estimate of the total drag.

FIG. 6 3D visualization of the body assembly in XFLRS5, showing the front, top and isometric views.
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The final stage of the geometric reconstruction is the integrated aerodynamic model
shown in Fig. 7. This complete digital twin combines the main wing, the empennage and
the fuselage into a single computational entity. This unified configuration is used to
perform the 3D analysis, allowing for the simulation of complex interactions

FIG. 7 Complete aerodynamic model definition in XFLR5

3. AERODYNAMIC ANALYSIS

Utilizing the XFLR5 analytical suite, this study evaluated the lift, drag and stability
derivatives of the aircraft. The simulation environment was configured to reflect
International Standard Atmosphere (ISA) conditions, providing a controlled baseline for
the aerodynamic results.

Table 1. Initial conditions for aerodynamic analysis [6, 7].

Parameter Value Parameter Value
Speed 10 m/s Viscosity 1.46 x 10° m°/s
Air density 1.225 kg/m® Method 3D/VLM
AOA interval -15°+ 15°, A=1° Reynolds number 108,904 (109,000)
Temperature 15°C Mach number 0.030 Mach

NACA 4407
Aerodynamic airfoils ﬁ?’g?&t)gg) MAC 159.37 mm
(symmetric)

3.1 Airfoil selection and characteristics. The aerodynamic optimization of the RR
Lentus relies on the selection of distinct airfoils for its lifting and stabilizing surfaces. For
the main wing, a NACA 4407 (Fig. 8) (modified) was implemented, providing the
necessary lift through its 4% camber and 7% thickness to excel in thermal duration
flights. This allows for high-alpha maneuvers without the risk of a premature stall. For the
empennage, NACA 0009 symmetrical airfoils were adopted [4]. The adoption of a
symmetrical section ensures that the stabilizers remain aerodynamically neutral at a 0°
angle of attack, preventing unwanted pitching moments and providing a stable reference
for the aircraft’s longitudinal trim.

\

NACR 4407
— T1 Re0.700 _M0.03 N

FIG. 8 NACA 4407 airfoil geometry
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Analysis of the main wing airfoil NACA 4407
The aerodynamic performance of the main wing is characterized by the polar curves
generated in XFLR5.

_____ / /
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FIG. 9 2D Polar (C,) for NACA 4407 airfoil computed in FI1G. 10 2D Polar (Cq) for NACA 4407
XFLR5 airfoil computed in XFLR5

Figure 9 illustrates the lift coefficient (C;) as a function of the angle of attack (o). The
curve exhibits a linear behavior typical of cambered airfoils, reaching a maximum lift
coefficient (Cimax) Of approximately 1.4 at a critical angle of 11°, which represents the
stall point.

Figure 10 presents the drag polar, where the low-drag region covers the intended
cruising range.

Analysis of the Stabilizer Airfoil (NACA 0009)

The horizontal stabilizer utilizes the symmetrical NACA 0009 (Fig. 11) airfoil to
ensure neutral handling characteristics [8, 9].

P
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NACRE 00045

—— T1 Re0.700 M0.03 W
FIG. 11 NACA 0009 airfoil geometry

Max. Value
AoA= 10°

«+4-Min. Value
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FIG. 12 2D Polar (C,) for NACA 0009 airfoil FIG. 13 2D Polar (C4) for NACA 0009 airfoil
computed in XFLR5 computed in XFLR5
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As shown in Fig. 12, the lift curve passes directly through the origin (CI=0 at a=0),
confirming that no unintended lift is generated at a neutral angle.

Figure 13 demonstrates that the minimum drag coefficient is also achieved at this 0°
position.

Max. Value
ApA= 6°

FIG. 14 2D Polar (C,/Cy) for NAéA 0009 airfoil computed in XFLR5

The linear lift slope observed in Fig. 14 ensures predictable pitch authority, allowing
for precise control inputs.

3.2 Aerodynamic efficiency (3D wing analysis). The flow visualization in XFLR5
reveals the formation of wingtip vortices and the downwash distribution across the span
captured at a fixed angle of attack 5°. However, the irregular behavior of the streamlines
at certain chord stations suggests a need for mesh refinement (Fig. 15). To achieve higher
numerical convergence and eliminate artificial turbulence, the panel density should be
increased and the geometric transitions between the wing segments must be further
smoothed to ensure a continuous aerodynamic surface.

b/
sy

N /BT

FIG. 15 Visualization of 3D streamlines and wake-vortex distribution for the RR Lentus at a 5° angle of
attack in XFLR5

3.3 Longitudinal stability and center of gravity. To establish a reliable baseline for
stability, the aircraft's Center of Gravity was derived through a detailed mass-moment
analysis of all internal components. By integrating the weights and positions of the motor,
battery and servos, the CG was localized at 33% of the chord length relative to the
leading edge, it can be seen in Fig. 16. This placement follows the conventional rule for
stable RC gliders, providing the necessary restoring moments required for a predictable
flight envelope.
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FIG. 16 Mass distribution and center of gravity for the RR Lentus: (a) top view and (b) side view

Table 2. List of components and masses

No. Component Mass (g) Type
1 Body (20%) 394 Elapor
2 Main wing (42%) 840 Elapor
3 Fin (2%) 25 Elapor
4 Elevator (3%) 55 Elapor
5 Battery 320 LiPo
6 Electric motor 109 ROXXY brushless
7 Propeller 45 Folding
8 Servo motors (x6) 11.2 HS-65HB
9 Electronics 145 Wiring, ESC, FC, transceiver
TOTAL 2000

3.4 Full aircraft aerodynamic analysis. The 3D simulation provides a
comprehensive evaluation of the complete airframe's performance, accounting for the
interaction between lifting surfaces and the resulting aerodynamic forces.
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Ripha

FIG. 17 Variation of lift coefficient (C,) with FIG. 18 Variation of drag coefficient (Cp) with
angle of attack (o) angle of attack (o)

Figure 17 illustrates the variation of the total lift coefficient (C.) as a function of the
angle of attack. The curve demonstrates a consistent linear progression within the
operational flight envelope, validating the wing’s lifting capability. Figure 18 depicts the
total drag coefficient (Cp), which represents the effect of parasitic drag (surface friction
and form drag) and induced drag. The parabolic nature of this curve highlights the
increase in aerodynamic resistance at higher angles of attack, a phenomenon specific to
finite wings.

CL/CD

/ Alpha
-10 / 10 20

/

FIG. 19 Variation of lift-to-drag ratio (C_/Cp) with
angle of attack (o)

Figure 19 provides the global lift-to-drag ratio curve, indicating the overall
aerodynamic efficiency and the maximum potential gliding range of the RR Lentus.

CONCLUSIONS

This study successfully validated the aerodynamic design and flight characteristics of
the RR Lentus motor glider through a comprehensive digital modeling and simulation
workflow.

By utilizing ImageOnline for precise geometric extraction, the aircraft was
meticulously reconstructed component by component-integrating the main wing,
horizontal and vertical stabilizers and the fuselage body-within the XFLR5 environment.
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The computational analysis was strategically divided into two phases: initially
generating 2D polar curves to evaluate the isolated performance of the NACA 4407 and
NACA 0009 airfoils, followed by a full 3D simulation of the complete aerodynamic
assembly. The findings confirm that the specific wing configuration yields high
aerodynamic efficiency essential for thermal soaring, while the carefully calculated mass
balance guarantees inherent longitudinal stability.

Despite these positive outcomes, certain methodological limitations within the
simulation framework must be acknowledged. The primary constraint stems from the
aerodynamic evaluation relying on XFLR5, an open-source solver based on the Vortex
Lattice Method (VLM). While highly effective for preliminary design and standard flight
envelopes, this numerical approach is susceptible to convergence artifacts and exhibits
reduced accuracy when predicting complex viscous flows, particularly at high angles of
attack or in near-stall conditions.

To enhance the precision of future aerodynamic assessments, subsequent research
should transition from basic VLM tools to professional-grade Computational Fluid
Dynamics (CFD) software capable of accurately modeling flow separation and
turbulence. Furthermore, the theoretical 2D airfoil performance and the 3D polar data
generated in this study could be physically verified through wind tunnel testing of scaled
wing sections. Ultimately, the research would benefit significantly from instrumenting the
actual RC aircraft with onboard telemetry sensors. Gathering live data would allow for a
direct empirical correlation between the simulated flight parameters and the real-world
dynamic behavior, a methodology highly consistent with advanced UAV aerodynamic
research [10, 11, 12].
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ANNEXES

Annex 1. Calculated Polars for NACA 0009 Airfoil
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Annex 2. NACA 4407 2D Airfoil Analysis
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Annex 3. Mass and inertia distribution

X,¥,Z system here must be exactly the same one used in the .avl input file

(same orientation, same origin location, same length units)
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Annex 4. 3D Analysis of the Balanced Model
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