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1 Introduction

Gemini Aero Designer (G.A.D.) is a software package for the analysis and design of airfoils, wings and
aircraft running on Microsoft Windows and Linux, ranging from micro RC to ULM, including fixed-wing
UAVs. It's aimed at curious modelers and model aircraft designers, as well as drone professionals,
academics and aeronautical engineering schools, not forgetting amateur ultralight builders.

Thanks to the real-time refreshing of calculations, the vast majority of aircraft configurations (aircraft,
gliders, jets, hang gliders, ducks, etc.) can be designed or simply verified with maximum efficiency and
minimum time.

G.A.D.'s modular architecture makes it very easy to share different files (airfoils, polars, aircraft, wind
tunnel results, etc.) with other users. This modular architecture also means that G.A.D. can be easily
maintained and improved over time. A forum is also available for suggestions for new functions and
bug reports.

A few highlights :
¢ Handle multi-panel and elliptic-like lifting surfaces, multifoil wings with dihedral and twist,
normal or V-Tail, most of fuselage configurations
¢ Simultaneous analysis : 3D VLM dual-coupled (linear and non-linear) with xFoil + 1.5D
extended Polhamus Wing(s) and plane analysis at user fixed or variable parameters (AOA,
speed, lift, motor flight at level and climb)
Instant refresh of drawings, results and analysis on plane modification
Reliable neutral points estimation with fuse effect and A.C. extended Kichemann's correction
CSV data export
Advanced airfoil workshop : Bezier & Spline curves, NACA generator, point by point or global
modification, graphic and text editor, etc.
¢ Airfoil polar generation, visualization and comparison , with 2D and 3D polar : Alpha, ClI, Cd,
Cm, Cl/Cd and boundary layer at any Reynolds
e Automatic Reynolds non-linear interpolator with sensitivity analysis and critical Reynolds
identification
e Advanced Aspect Ratio design and tuning module
e Advanced Motor and Propeller (static + in flight) simulation module
e Integrated notepad like editor to store comments associated to plane, wings, polar, etc.

Some possible results :

Designing, modifying and blowing a airfoil

Determining the settings (centering, incidences) of an aircraft

Orientation of design choices (airfoils, aspect ratio, wing and tail geometry,tail volume, etc.)
Glide performance curves, at constant speed and under power (level + climb)
Determination of the optimum motorisation for a desired operating point

Servo sizing (coming soon)

Gemini Aero Designer can be used in two different ways:
e Direct design, starting from a blank sheet of paper.
o Reverse engineering engineer of an existing aircraft, using measurements, a 3-view drawing
or simply a top-view photo, for example to check the centring and trim settings

Gemini Aero Designer is supplied as is, and the author cannot be held liable in any way
whatsoever in the event of an accident involving an aircraft designed or adjusted using this
software.
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2 General presentation

2.1 Compatibiliy
G.A.D. runs on Windows, from 7 to 11, in 32 and 64 bits.
It is also compatible with Linux (requires WinHQ and WineTricks) and potentially MacOS (untested,

with the same tools as for Linux). In all cases, the .NET Framework 4.5 or higher must be installed
(recommended: 4.8).

2.2 Installation and package contents
G.A.D. works in portable mode, i.e. without formal installation. All you need to do is :

copy the zip file to the G.A.D. installation folder of your choice (on a hard disk or USB
key), for example C:\GeminiAeroDesigner :

I ] = | Extraire GeminiAeroDesigner
Accueil Partage Affichage Cutils de dossier compressé
« v » CePC » System (C:) » GeminiAeroDesigner
GeminiAeroDesigner_v1.0.1.6—
#F Accés rapic Quwvrir

Quvrir dans une nouvelle fenétre

@ OneDrive -
a Classer et protéger
[ CePC
£ Extraire tout...
=¥ Réseau 7-Zip .

Sean for Viruses..,

- extract the contents of the archive into this folder, using the Windows tool or a dedicated
tool (7Zip, WinZip, WinRar, etc.) :

» CePC » System (C:) » GeminiAeroDesigner

Exports

Foils

Images

Planes

Polars

PolarsComps

¢ GermniniAeroDesigner_v1.0.1.6.zip

aGemmu&emDemgner x32.exe
@Ger‘mmAeroDemgner_x&d Exe
GeminiUserManual.pdf
%] Graph3D.dll
=| license.bet
%] xfoil.dll

- Launch the application by double-clicking on ‘GemeniAeroDesigner.exe’ (32 or 64 bits)

NOTA : several instances of G.A.D. can be launched simultaneously, and each can open the same file
as the others (for example to study the same pairfoil or aircraft simultaneously with different
parameters).



2.3

Data handled and associated files

Several types of file are handled:

aircrafts : .xml format, \Planes folder

airfoils : Selig (text) .dat format and vectoriel files (.dxf, .plt, hpgl, .eps), \Foils folder

airfoils profipolar: .xml format, \FoilsPolars folder
polar comparisons : .xml format, \ FoilsPolars\Comparisons folder

aircraft performance : .xml format, \PlanesPerfs folder
aircraft performance comparisons : .xml format, \PlanesPerfsComparisons folder
templates for aircraft perfs. : .xml format, \PlanesPerfs\ Comparisons\Templates folder

export (aircraft or wing performance) : .csv format, \Exports folder

images (background or screenshot) : .png or .jpg format, folder \Images

Certain types of complex file contain others:
a polar file contains the polar points calculated by xFoil, as well as the .dat airfoil used to

generate them and a note.

a polar comparison file contains several polars (each of which contains the associated

airfoil) and a note.

an aircraft file contains, in addition to geometry data, polar files, a background image and

a note.

All the files are independent of each other, because using one file (e.g. an airfoil polar) in another (e.g.
in an aircraft) duplicates the first in the latter. Via the user interface, each included sub-file can later be

extracted for reuse separately from its container file.

For example, it is possible to extract the .xml airfoil polars from an aircraft file and then the .dat airfoll
files, e.g. if the source files are lost. This logic means that files can be reused in other projects without

having to regenerate them within the new project.

2.4

Main interface

@ Gemini Aero Designer

_][__ju ? € | Quit

File : D:\Gemini\Plan

idrapsrarsrs

es’_8_Plane.xml

— O x
Draw options ([ @ 5. W. Main view Side views
[C] Grad. backgrd. @ Info + A R "
B Transparency @ Flat < S < ES
[C] & Paneling @ Chords - W v
{ Import pic
0 Z+

Wing tot. area = 18 dm?*
Wing eff. H area = 17.98 dm?
Wing M.A.C. = 204.2 mm
Wing A.C. = 96.9 mm
Wing efficiency = 08.63
Wing, - tail lever =,588.1 mm
Tail tot. 'area ='4.5 dm?
Tail eff. H area = 4.5 dm?
Tail efficiency = 9.51
Tail volume = |8.62

Fin tot. area =(1.9 dm?
Wing/tail decalage = 8.5 ©
Wing/fuse decalage = 1.5 ©

Dihedral +

| Grid step = 100 mm




2.5 Main menu

Jod|& & o

The buttons relating to the files (new, open, save) only concern the aircraft being studied, and have no
influence on the other data manipulated by G.A.D (airfoils and polars).

2.1 Closing the application

On closing, G.A.D. displays the unsaved data by type :

GeminiferoDesigner *

Unsaved data :

-= Plane [geometry)
-» Foil (geometry)
-= Polar comparison

Warning: by default, ‘Save and exit’ only saves aircraft data; for airfoil and polar data, you must cancel
the close and go to each workshop to save the data.

2.2 Registering
NEH &([) W o

Use the copy/paste function to enter the licence data from the email. Please note that each character
(lower case, upper case, etc.) counts for the unlock key to work.

€9 Registering = O x | € Registering = O
Serial ACE42E00260B811E2EE4ACO0D0000001 | ACE42E00260B8811E2EE4ACO000000001
ﬁame Capitaine Haddock / Chateau de Moulinsart / France | Capitaine Haddock / Chateau de Moulinsart / France
Organization  Personal Personal

B Non-professional use or micro-business

@5” kamock @herge be | karpock @herge be
ok Yoy | I

Copy serial to clipboard Unlock application D ‘ |
WWww .geminiaenstools .com

Please use these ur to register :  www.geminiaerotools com

2.3 Toolbox
Jod|&|S @ @ i

The toolbox is used to configure the application (units and language) and provides tools to help you
use G.A.D.:

- automatic wing planform creation

- Reynolds and density calculator

- for the aircraft under study: scaling, export as an image or as a vector .dxf file.




€9 Tool Box = O

Application settings

Forces Horizontal speeds Kiichemann corr. Language

onN 0 s © On © english
) daN O km/h O off () frangais
O kgf ) kts

Standard Atmosphere calculator

Temp (°) 15 Altitude (m) 200 Humidity (%) 40 rho (kg/m3) : 1.193

Reynolds calculator

WingLoad (g/fdm% 22 Chord (mm) 150 Cl 03

] use calc rho ReCl: 62379
Plane functicns

Scale Export to image Export to dxf

Planform creation wizard

© Tapered Tip/Root ratio (%) 66 Sweep 10 % of root chord
O Elliptical 0 75
Area (dm®) 20 Aspect Ratio 10 wing v Create

Speed (m/s): 10.8 Re: 113888

The Kichemann correction (active by default and can be deactivated if required) modifies the position
of the local geometric foci used in the VLM calculation, as a function of the change in deflection at the
interface between two panels. This correction anticipates airflow deviation at the leading edge, and in

particular improves the accuracy of the flying wing moment calculation.

With correction : Without correction :

2.4  Drawing options

Draw options [ @ s.w.
(] Grad. backgrd. @ Info
B Transparency @ Flat
(] & Paneling @ Chords

The options define the graphical appearance of the aircraft drawings:
- plain or gradient background colour
- transparent or coloured wing surfaces
- display of VLM panels
- display of intermediate chords
- aircraft information in the background

- flattening (momentary removal of the dihedral) of the wings in plan view (very useful for
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reverse engineering on a 3-view plan)

The S.W. (‘Save Windows’) buttons can be used to :

- save windows that are still open when the application is closed, so that they can be
restored when it is restarted

- save the size and position of windows, so that they can be restored when the application
is reopened.

2.5 Drawing scale and view positioning

Main view Side views

+

The arrows position the views on the grid (at 100 mm intervals), while the ‘+’ and ‘-’ buttons adjust the
drawing scale. The ‘R’ button restores the default value.

2.6  Airfoil editing and polar modules

-

The airfoil design module lets you open an existing airfoil or create a new one from scratch or from an
imported image, then modify it (point by point or globally), etc., and finally generate its polar curve.
Note that polar generation automatically covers a flight envelope ranging from micro RC to ULM size,
with automatic quality control of the result.

The polar comparison module allows you to view one or more polars, at blow-by Reynolds as well as
at any Reynolds thanks to the Cm/CI/Cd/Alpha non-linear interpolator. Among other things, you can
also identify the critical Reynolds, carry out an elongation study for the airfoil under study, etc.

Note that these two modules are independent of the other modules in the application (which are linked
to the aircraft), and have their own file opening and saving functions.

2.7 Aircraft editing modules

=
The icons speak for themselves... Each opens a screen dedicated to the object being manipulated
(wings, empennage, fuselage, control surfaces, engine, see details below), bearing in mind that

several screens open at the same time communicate with each other (e.g. the stabiliser volume is
recalculated in the empennage screen when the wings are modified).




2.8 Performance and behaviour analysis module

This module is used to generate polar diagrams of the aircraft and its components :

- of the wings and tail, at constant speed

- the aircraft at imposed speed

- the aircraft at imposed lift (glide, level flight)
- powered flight (level flight, climb)

This is where the Centre of Gravity, flight speeds and weights are entered :

€ Plane anslysis

CGposition (mm) (0 | StelicMargin 1D (%MAQ): NaN  tholkg/md) [12 | amin[-5 | amex[15 | astep[05 |

Lifting surface alone  Plane, Fixed speed  Plane, Fixed lift  Plane, Motor fligth

2.9 Methods for entering values

There are two methods:
- from the keyboard, with two ways of entering the cell:

Run analysis [ Auto update

o with the tab key from the neighbouring cell, in which case the content is

automatically preselected

o by clicking directly with the mouse to select the value to be modified
- with the mouse wheel (press the ‘ctrl’ key to increase the step by a factor of 10), by

positioning the mouse cursor on the cell to be modified (no need to select the contents).

2.10 Contextual help

Many cells, checkboxes and texts are accompanied by a help comment, which is displayed when the
mouse cursor is held over the area in question for approximately one second :

User Reynolds
B 135000 | [7J[35000 |

| |—T}-'pE'I polar (Re = cst) ‘

2.11 Chart options

By default, the cursor is a measurement cross, which indicates its current coordinates in text.

Moving the cursor over curves also displays the nearest point (highlighted on the curve) and the name

of the associated curve :

Motes

10



1.5

1.0

054

Cl

0.04

Current pos. ;-1 9707 , 00767
Mearestpt: [Cl_non-linear]-2.0000, 0,075

Right-clicking on a graph opens a popup menu :

1.5

0.0

054

2 4 6 8 10 12
Alpha ()

Zoom window

Restore view
Hide cross
Chart axis bounds 3

Save as image

Maxirmize size

2 4 6 ] 10 12
Alpha (%)

The ‘Chart axis bounds’ function allows you to manually change the scale of the chart along each axis,
with the min, max and step for each axis.

The ‘Maximize size’ function enlarges the chart to the size of the screen, which is very useful for an
overhead projector presentation or for finding details during a study.

151 15
= =3
104 //— 10
G 054 { G 05 s
| Zoom window
 JNN
Restore view
N
05 —= Hide cross
000 001 002 003 004 005 006 007 4 2 4 & & 1w 1 [} 02 03 04 05 06 07 08 09 10
cd Chart axis bounds Alpha Xl €
020 . 5
ave as image L 1~
015+ 7z /_\F\
Y- -
ol jaximize size JoE ]
= < 3
005+ sl — \ % 0
5 om0 S & /El_\ )
5 2 |
a = —
005 - N 40 / 7 z
e e ———— ol /// . 2
0104 / 2|
1 / 2 |
0154 104 /_,\—7 ===
020 0 10
05 00 05 10 15 05 05 10 5 [) 1000000 2000000 3000000 4000000 5000000
a o] Re
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15— =i e
//:/ T |
//’/’/ //:// P . ::_7_7_7_
e ———
| I e ——
/ ‘J/ / / e J =
| @ 7
‘/\( / / Current pos. :0.0392 , 0.7549
| I- / / 7 Nearestpt - [Pol#l_ReRef#1]0.0393,07619
T 05 ! D A i
‘ | \ \ :
AN N <
_ \ N \
0.0 ‘ ‘I \ \ \ \\\\ \\
‘I N \\ . h
‘ \ \\ \ S~ \\"“‘\ — T
VY O\ ~. T— 00O O O
o 001 062 062 0.04 0.5 006 007 008 009 010
cd

To return to normal display, reopen the popup menu and click on ‘Return to normal size’.

2.12 Notes editor

Each complex object manipulated by Gemini (polars, comparison of polars, aircraft) includes a ‘note’,
which can be used to store text information: for example, explanations of work in progress, or a

reminder.

The note, which opens a NotePad-style editor, is accessed from the window managing the objects
being manipulated. In the case of the aircraft, which uses several windows, the note is accessed from

the performance analysis.

Example of a note, here relating to a comparison of airfoil polars :

yic

0.0 01
Reference Reynolds
[J25k 50k 7] 100k[]200k[] 750k[] 15M []50M

02 03 04 05 06

cl
=
o

07 08
User Reynolds

| o ]

03 10

cl

-054 -
000 001 002 003 004 005 006 007 008 009 010

- O
Airfails polars Comparison: | Load Save Clear
Name nCrit | xtrT./B. | Alphad | Cm0 | Thick.® %C | Camb. @ %C
®1  |CLARKY.3 3 1004100 |-339  -0081 [1168@287 |3M@416
®2 |CLARKY.nG 6 100/100  |-347 -0082 |1168@287 |3M@416
b @3 |CLARKY.n0 9 1004100 |-351 -0083 [1168@287 |3M@416
(8
X
.7
e:
15
]
.
= N
/_/’xf AN 10
€ Notes editar - O X
Segoe Ul -9 vﬂgnueéé = =

nCrit sensiblity comparison for the ClarkY airfoil

These study shows that, at low Reynolds, the roughness has a major effect on the airfail behaviour:

Cd
020- 100
015 801
20
0104 N
704
005 _ e

13 (&

& = =
404
30|

: 204
-0.154 0
-0.20A 0

05 00 05 10 5 05
cl

+ lower drag
+ lower Cl/Alpha slope deviation
+ bette glide ratio

100.Cm0 Alphal

Re

12
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Segoe U -9 -4 A BU S gE

i
(il
I
I

nCrit sensiblity comparison for the ClarkY airfoil

These study shows that, at low Reynclds, the roughness has a major effect on the airfoil behaviour :
* lower drag
* lower Cl/Alpha slope deviation
* bette glide ratic

ﬂ;—..




3 A few définitions

3.1 Geometric parameters

Neutral line : characteristic line of a fuselage, corresponding to its minimum drag angle of attack. It
can be assimilated to its mean axis, like the chord for an airfoil.

Incidence : construction angle between the wing or stabiliser in relation to the fuselage's neutral line.
Whether for the wing or the tail, this angle is positive when the leading edge is higher than the trailing
edge, and vice versa. Not to be confused with Angle Of Attack (AOA).

Tail volume : dimensionless value that reflects the ability of the tail to balance the wing in different
flight configurations. The greater the tail volume, the more likely the aircraft is to evolve at high angles,
which often goes against the aim of minimum drag. This is also the case if the CmO of the wing airfoil
is large.

Aspect Ratio (AR) : characterises the importance of the span in front of the chords (wing or tail) and,
conversely, the influence of the marginal vortex on the rest of the wing.

Aerodynamic mean chord (AMC) : virtual chord, equal to the average of the chords weighted by the
elementary surfaces, equivalent from an aerodynamic point of view to all the chords of a wing. It is the
basis for calculating the centre of gravity and lever arms of an aircraft.

Focal point of an airfoil or wing : point where a variation in angle of attack does not lead to a
variation in moment, located at 25% of the mean chord (in thin airfoil theory).

Aircraft focal point : point of neutral stability, where the variations in the moments (same definition as
above) of the lift forces (wing, tail and fuselage) are balanced during a variation in angle of attack
(desired, after an elevator action, or undergone due to turbulence). In linear flight, the focal point
depends only on the geometry of the plane, not its airfoils.

Static margin : percentage which indicates the degree of stability of a plane, defined by the ratio of
the CG/focal point distance to the mean chord. This value is valid whatever the configuration: flying
wings, canard, etc. Key points to remember :
- negative static margin: the flight is divergent, the slightest disturbance to the trajectory
(depth action or air movement) is amplified.
- zero static margin: the plane is neutral.
- positive static margin: the higher the static margin, the faster the plane returns to its
natural trajectory.

The static margin can range from O for a speed or aerobatic aircraft to 10% for a calm aircraft where

stability is the priority. Note that for a plane with a horizontal stabiliser, these values are only valid for
an aft C of G limit which takes into account the contribution of the fuselage.

3.2 Aerodynamic parameters

Alpha (a) : angle of attack of the airfoil in relation to the air, varies according to the depth setting. Not
to be confused with incidence.

Cd : drag coefficient, of an airfoil, wing or plane, characterising resistance to forward movement.

Cl : lift coefficient, of an airfoil or wing, proportional to the angle of angle of attack.

Cm : moment coefficient of an airfoil or wing. The Cm reflects the pivoting torque around the neutral
point of the airfoil (25% of the chord) generated by the airflow. It is positive for a flying wing (naturally
balanced), and negative for a standard airfoil (unbalanced). In the latter case, it is the stabiliser that

has to counteract this torque, which is all the greater the higher the absolute value of Cm.
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CmCG : moment coefficient of a wing and the aircraft relative to its centre of gravity.

a0 and CmO : angle of attack of the airfoil and moment coefficient at zero lift (Cl), used by trim and
perfos calculations.

Lift and drag : forces respectively perpendicular and parallel to the direction of forward motion,
expressed in N (newton, 10N = 1kg).

Induced drag (Cdi) : drag linked to the aspect ratio of the wing or tail. It is zero for Cl = 0 and
increases with Cz, but decreases as the aspect ratio increases. Physically, induced drag is generated
at the tip by a flow of air from the lower surface (overpressure) to the upper surface (underpressure).
The greater the aspect ratio, the less this circulation affects the rest of the wing.

Reynolds number (Re) : dimensionless coefficient which includes the speed of evolution and the
dimension (chord) of an airfoil.

Postulate: a chord X airfoil evolving at speed Y behaves identically to the same chord X/2 airfoll
evolving at speed Y*2, because they evolve at the same Reynolds number.

Polar(s) : characteristic curve(s) of the performance or behaviour of a airfoil, wing or plane. The most
common polars are :
- airfoile polars: Cl as a function of Cd, Cl as a function of Alpha, Cm as a function of CI.
These polars are generally plotted for different Re.
- plane polars: sink rate as a function of flight speed, glide ratio as a function of flight speed.
These polars are generally plotted for different masses.

Wing downwash : this is the downward airflow generated by a wing. Depending on its lever arm and
height, a stabiliser is more or less affected by this flow, and its geometric setting must be corrected
accordingly to position its aerodynamic angle of attack in relation to this flow.

Interaction : refers to the drag generated by the intersection of two surfaces. Typically, interaction
drag is found at the junction of the fuselage with the wings or the tail.

3.3 Liner vs non-linear

Cl

15



Cm
=
2
[

L
"

20

Cl

The linear theory [of thin airfoils] is a simplification of reality, which considers that the relationship
between lift and angle of attack is independent of the airfoil (apart from its Alpha0O) and that the
moment is constant. This theory is reliable and predictive in the majority of cases, except in the vicinity
of the stall and when the airfoil is poorly adapted to the flight Reynolds (= used below its critical Re).

In contrast, the non-linear approach is more representative of reality, but is very sensitive to Reynolds
effects, depending in particular on the modelling conditions (nCrit, turbulator). Care must therefore be
taken when choosing these conditions, depending on the flight envelope and the design of the aircraft
being studied.

G.A.D. uses these two approaches simultaneously, via the 1.5D + VLM 3D lifting surface solver
coupled with the non-linear xFoil interpolator, whose data is partially reduced using thin airfoil theory
for the linear case.

Concerning the nCrit, which is used to represent the average turbulence level of the boundary layer
around the airfoil, a few classic values : 9 for a moulded wing, 6 for a formwork wing, 3 for a structural
wing.

NOTE: in G.A.D., the curves are generally annotated with the suffix _D (1.5D), _L (linear) or _N (non-
linear).

3.4 1.5Dvs VLM lifting surface analysis

In scientific terminology, ‘1D’ indicates that the result (here: drag, lift, etc.) is obtained by an analytical
method via correlations using global quantities representing the system under study. In this case, an
aerofoil (wing, tail, fin) is reduced to its surface area, its aspect ratio and its mean chord, and its
performance is studied on the basis of these elements.

G.A.D. uses the term ‘1.5D’ to indicate that it incorporates other dimensions, such as deflections,
twists and dihedral, as well as Alpha0 and CmO airfoil, which are weighted by the surface area of each
panel to be reduced to the complete wing. In addition, instead of using the classic Prandlt lift efficiency
(A = AR/(AR+2), G.A.D. uses the Helmbold-Polhamus correlation, which is much closer to reality,
particularly for wings with low aspect ratio. This approach gives very robust and instantaneous results,
which are used as input to the VLM solver to enable it to converge much more quickly than with a
conventional iterative numerical approach.

The VLM solver is of the full 3D type, i.e. it takes into account the angles induced by twists and
dihedrals, including in the calculation of induced drag. This solver operates simultaneously in linear
and non-linear mode (see above), with xFoil coupling via the non-linear interpolator, and offers rapid
resolution over the entire flight envelope, enabling analyses to be refreshed in near-real time when the
aircraft's geometry is modified.
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It should also be noted that induced drag is calculated by integrating along the span the projection of
the local lift by the local induced angle (instead of using the simple projection of the global lift), which
means, for example, that this drag can be calculated correctly in the case of a heavily twisted wing

with zero lift (where the local lift at the tip is not zero...).

The dual operation of the solver also offers unprecedented analysis possibilities, such as the
identification of stall initiation zones and the study of non-linear moments for balance and longitudinal

stability.

In the general case (= airfoil well suited to the flight envelope) and outside the stall, the 1.5D and 3D
VLM results superimpose very well, demonstrating the robustness of these two completely different

approaches.

Example of validation with the NACA TN1351 :

Fichier : C:\GeminiAeroDesigner\Planes\NACA_TN-1351.xml
Envergure totale = 3078 mm

Surface ailes = 126.04 dm?
Surface eff. ailes = 126.04 dm’
Allongement ailes = 7.52

Corde moy. ailes

Foyers et panneaux VLM

yerjgeot—ailes—
Efficacité ailes
Levier de stab
Surface stab
Surface H eff stab
Surface V eff stab
Efficacité stab
Volume de stab
rho (kgfmgj 1.2 Surface derive
Vé longitudinal
Calage aile / fuse

Incidence (%) &

Vitesse (ms/) 20

CG pos. (%CAM.) 20|
[] mm

Analyse cl Cd (profil) Cdi (port.) Cd (total) ClyCd Cm0.25 CmCa efactor dCl/dClee Port. (M) Trainée (M)
1.30 Polhamus 0.67 0.009 0.0224 0.0314 213 -0.101 -0.134 - 0.72 202.6 9.5
VLM Linear 0.67 0,009 0.027 0.0361 185 -0.101 -0.14 0,934 0.72 201.8 1091
VLM MonLinear 0.66 0.0091 0.0267 0.0357 185 -0.096 -0.136 0.922 0.73 200 10.81
Fig. 13b NACA TN No. 1351
° Cl, Cd, Cm
28 . g, lb/sg 17
F9.7
4 5
24 98.3 : 12
V.l
2t e
{2 40
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R 1/
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It should be noted that the differences of lift at high angle of attack is explained by the wall effect at the
root, as the tests done by the NACA were carried out on a single wing attached to the root, and not on

two wings.

NOTE : the principle of a VLM solver is to divide the wing into several small finite elements, each with
a vortex and a control point :

[

= 20b
P LSS ~
bound vortices s -~ -
- ~
—
S —
S
-
-~ =~ Z
~ r
~J
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4 Using Gemini Aero Desi

4.1  Airfoil workshop

This module manipulates four types of object:

the coordinates of the current .dat airfoil: these can be modified as required.
the airfoil polar: a file containing the coordinates of the airfoil and its polars generated by xFoil.
background airfoils (.dat or image): used for comparison with the current airfoil.

a Bezier curve: to quickly create a airfoil from scratch or from a background image.

Both the coordinates of the current airfoil and the airfoil polar can be stored on hard disk, using the

gner

open/save buttons in this workshop. It is also possible to export the airfoil in dxf format.

@ Airfoil workshop

Camber % @ L

LE radius L'

0.20
0.15
0.10+ L
osd Lﬂu*_'*"‘-ﬂ_mh_“
2 D.DD—( T p— __.L::"_“.‘:.u
——— e ———
-0.05+
-0.104
-0.15+
-0.204
0.0 0.1 0.2 0.3 04 0& 0.7 0.8 0.9 1.0
Undo Set
File Design Shape Background
Load Save Bezier foil NACA 4/5 Unit chord Derotate Import pic
Clear Export dxf Mix foils Miror SmoothD Add flap Import foil
Geometric characteristics xFoil
Nb points [ Cenfirm Apply change(s) nCrit D a min Make polar
. Show polar
Thickness % @ % TE gap % xtrtop % cxmax 0] mitBL

xtrbot.% ocstep [] Show CP

CLARKY

1.0000
0.9884
0.9620

0.0006
0.0033
0.0096
0.0176

7 0.0257

0.0336
0.0411

0.0549

0.0811
0.0846
0.0874
0.0896
0.0910
0.0916
0.0914

7 0.0906

0.0891
0.0868

7 0.0834

0.0785
0.0723
0.0649
0.0566
0.0484
0.0409
0.0342
0.0282
0.0230
0.0185
0.0148
0.0116

4.1.1 Managing airfoil files

The buttons for managing the current airfoil speak for themselves :

File

Load

Clear

Save

Export dxf
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4.1.2 Importing an airfoil into the background

This function allows a second airfoil to be added in the background, either from a conventional .dat file
or from an image, for comparison and/or redesign purposes (see below) :

Background

Import pic

Import foil

Once you have imported an image file, a toolbox will help you position it correctly :

0.20—
0.15+
0.10—
> | 2020202 "
0.05 v
rF | JCLARK Y | | [
£ o000 .
= | I I I I E———
-0.05-
-0.10
r Adjust image
015+ . .
020} LIxt0) -] |-
0.0 0.1 0.2 0.3 0.4 0.5 0.6 07 1.0
xc = : v
Undo
File Design Shape Background
Load Save Bezier foil MNACA 4/5 Unit chord Derotate Clear pic

Caution : an image that is too small will be difficult to read and will in any case be cropped when it is
enlarged too much.

4.1.3 Standard airfoil format and best practices

Airfoils must be in Selig format:
- file extension : .dat
- file format : text
- first line : airfoil name
- following lines : X Y coordinates
- numeric format :
o decimal separator : dot
o number separator : space(s)
o scaledtochord=1
o coordinates order: 1.00.0 =2 0.00.0=> 1.00.0

G.A.D. can also import vector files (.dxf ASCII, .plt, hpgl, .eps) and convert them to .dat.

Example of .dat file with the ClarkyY, whose intermediate points have been replaced by “...” to fit in the
screenshot :
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E  cLarkv.dat %

CLARKY

1.e0800 8.e08600
8.98842 8.08334
8.96196 8.8e8957
8.92693 8.81757

. 0Be9s 8.88368

8

8.8e0823 8.e0132
8.e0eee 8.e08ee
8.e0812 -8.08318
8.eea79 -8.08545
8.92364 -8.08341
8.96856 -8.08285
8.988@9 -8.eele4
1.e0800 -8.00060

When loading a airfoll, it is useful to take a critical look at its conformation by checking :
- there are no overlapping or duplicate points
- tangency continuity
- the distribution of points
- the number of points

A few points of reference and good practice:

- distribution of points: the airfoil should have more points the more pronounced the local
curvature (typically at the leading edge) and fewer the less pronounced the curvature
(typically at the trailing edge).

- number of points: preferably odd, with 79 to 101 points for a good compromise between
calculation time and representativeness of the results. Don't believe that ‘the more points,
the more accurate the result’ - nothing could be further from the truth!

- the thickness of the LF must be non-zero and representative of reality.

- the chord must be standardised (length of 1 and rotated so that the centre of the leading
edge and the trailing edge are aligned at Y = 0).

- the points must have good tangency continuity (see below with the vertical zoom
function).

Example of anomalies on a thin airfoil for RC glider :

The number of points is exaggeratedly high (260), which greatly reduces calculation time without
improving accuracy (it is even degraded, as too many points ‘noise’ the results). In addition, the
density of points is too high at the trailing edge.

e = X T
e B o e .
Nl o
i o

I ST Yo
JR —t-a-e TN
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Local anomalies in the distribution of points :

Tangency anomalies :

After smoothing, normalising, changing to 79 points and using a non-zero trailing edge thickness, the
airfoil is now usable :

4.1.4 Changing the airfoil name

This is done by double-clicking or ‘enter’ on the airfoil name at the top of the points list.

CLARKY A
1.0000 0.0006
0.9884 0.0033
0.9620 0.0096
Edit >
-~
Change foil name : :
" Cancel
AR
l 05526 0.0811
N 5157 N NMNAAR
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4.1.5 Editing the airfoil point to point

Airfoil points can be modified in several different ways :

- with the mouse, by clicking on the point and then dragging it (left click always held down) :

0.20

0.15

0.10

CLARKY

1.0000 0.0006
09884 0.0033
0.9620 0.0096
0.9269 0.0176

0.05—

-0.05-

-0.10+

-0.15-

-0.20-

D.DD—(

—

Current pos. 1 05619 , 0.0707

0.8897 0.0257
0.8520 0.0336

Mearest pt: [Current foil | 05619, 0.0707 l‘ﬂ,‘ 0.8144 0.0411
- L T—eq |0.7767 0.0482
" 0.7391 0.0549

0.7014 0.0612
0.6638 0.0670
0.6266 0.0723
0.5895 0.0770
05619 0.0707 |
0.5156 0.0846
0.4738 0.0874

0.0

01

0.2

0.3 0.4 05 06 0.7

0.8

0.9

0.4422 0.0896
0.4061 0.0910

1.

=]

- via the context menu, by left-clicking to select the point and then right-clicking the point
(on the graph or text list) :

0.10—

0.05—

-0.05+

D.DD—(

S
¥ e

0.9269
0.8897
0.8320
0.8144
0.7767
0.7391
0.7014

CLARKY
1.0000 0.0006
0.9824 0.0033
0.9620 0.0096

0

"""\-'.-—"'_—-___._

Unselect

Edit

707
05619, 0.0707 E“"“
5 [—_—

Delete
Insert (after)

Unselect

Edit

Delete
Insert (after)

0
0
0
0
0
0.

0612

T

- via the keyboard shortcuts: ‘insert’ to insert a point, ‘del’ to delete, and ‘enter’ to edit.

Once the change has been made, the modified point is identified on the graph by a different colour.

4.1.6 Using the zoom function for graphical editing

By default, the airfoil drawing is orthonormal, i.e. the X and Y axes have the same scale. However, it is
also possible to use the zoom function (window or adjustment of the graph limits) to expand the scale
to look for breaks in continuity or redundant points, for example, or simply to look for differences

between two superimposed airfoils.

23



020

0.15-
Zoom window !
0104 I E—— Pan 1
0054 N Restore view h-""—#__,_m
Hid TT—
D_DD_ Ide Cross ——— S By _h
— e e ] Chart axis bounds »
-0.05
Save as image
-0.10
-0.15
-020
00 0.1 02 03 04 05 06 07 08 09 10
Expand the airfoil on Y axis :
0.09- = e
&.\M
e —
Current pos. 1 01362, 0.0725 T
0.067 Mearestpt : [Current foil]0.1349 , 0.0723 ’
0.03
\.\\
0.00-] P
-n.na—\\\g_._._._—-——*—*‘_’_ i
0.2 04 06 0g 1.0
Zoom on leading edge :
0.03 —
0.01- ...
_.—f_d_*__-d_
0.00] ( Current pos. :0.0072, 0.0046 |
1-\"“““*-5___\___
-0.011 e
-0.03
0.000 0.004 0.008 0.012 0.016
4.1.7 Modifying the geometric characteristics of the airfoil

he global geometric characteristics can be modified value by value, by pressing ‘enter’ each time, or

all at once by clicking on the ‘Apply change(s)’ button after modifying the desired values (the text of

which is identified in bold) :

Geometric characteristics

Mb points

Thickness (13 |% @ %
Camber EI % @ o

[ ] Confirm

Apply change(s)

TE gop %
LE radius oy
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The values entered are targets and not exact values, except for the leading edge radius, which is a
percentage applied to the existing radius. All other values are recalculated after modification,
sometimes with a slight deviation, which is normal.

If the ‘Confirm’ checkbox is activated, a message indicates that the modification has been made.

4.1.8 Global modification of the airfoil shape

Shape
Unit chord Derotate
Smooth — Add flap

These tools can be used to :
- setthe string length to 1 (= 100%)
- rotate the airfoil to align the chord with the 0-X axis
- smooth the airfoil (with the option of redistributing the points, useful for Eppler and Selig
airfoils, for example)
- deflect aflap

Warning : never rotate the airfoil after adding flap, as this will break the angle of attack reference and
therefore the calculations. Similarly, any modification to the airfoil (slackening, etc.) must be made
before adding flap.

4.1.9 Undoing modification(s)

LUndo Set

When a airfoil is loaded, or each time the ‘Set’ button is clicked, the current airfoil is saved in memory
and all the modification indicators are reset to zero. Clicking on the ‘Undo’ button restores the current
airfoil as it was at that moment.

4.1.10 NACA airfoil generator

Design MACA generator b4
Bezier foil MACH 4/5
NACA 4 / 5 digits airfoil reference - Annuler
Mix foils Mircr
2412

NACA airfoils are coded as follows:
- 4digits:
o the first digit defines the maximum camber as a percentage of the chord,
o The second digit defines the point of maximum camber in relation to the leading
edge, as a percentage of the chord.
o the last two digits define the maximum airfoil thickness as a percentage of the
string.
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- 5digits:
o the first digit defines the optimum lift coefficient (giving the minimum drag), to be
multiplied by 0.15
o the second digit defines the point of maximum camber in relation to the leading
edge, as a percentage of the chord
o the third digit indicates whether the airfoil has single (0) or double (1) camber
- the last two digits give the maximum thickness of the airfoil as a percentage of the chord.

For example:
- the NACA2412 airfoil has a maximum camber of 2% at 40% from the leading edge, with a
maximum relative thickness of 12%.
- NACAO0009 has zero camber and a relative thickness of 9%.
- the NACA12018 has a relative thickness of 18%, a maximum camber located at 20% from
the chord and a lift coefficient at minimum drag of 0.15.

In the event of an incorrect entry, no airfoil is generated and a warning message indicates the
anomaly.

4.1.11 Mixing two airfoils

. Mix foils
Design . Load foil 1 Load foil 2
. . Upper side ratio 30% 50%
Bezier foil MACH 475
Lower side ratie  50% 50%
Mix foils Miror
End mix Miror SmoothD Add fl

Select each airfoil (their name appears in the button), then set the mixing ratios for the upper and
lower surface. The airfoil name and coordinates are adjusted at the same time as the graph. Click on
‘End mix’ to close this screen.

0.20 CLARKY-U20-L50_NPS
05 1.0000 0.0006
7 0.9874 0.0033
0.9749 0.0060
By . . 0.9623 0.0086
JURURS S I RARSRAane s S 0.9497 0.0113
0.9371 0.0133
o 0.9245 0.0163
0.00 Sveeseseeevessee (09119 0.0183
s U U DR DU SUUUTUR SSSRRSTUSS e s e ey R 0.8093 0.0213
-0.05 0.8867 0.0237
0.8740 0.0261
0104 0.8614 0.0285
0.8487 0.0308
0.8361 0.0331
- 0.8234 0.0353
[ Mix foils 0.8107 0.0375
CLARKY NACAT108 0.7980 0.0397
0.2 0.8 0.3 10 | 2ocs 00418
Upper side ratic 80 ' 20 07727 0.0439
0.7599 0.0460
- - Background 0.7472 0.0480
Lower side ratic 50 ' 50 0.7345 0.0500

Load Save ate Import pic 0.7218 0.0519
0.7090 0.0538

005

-
s
o~ .
R S

e

-0.15+

-0.20-
0.0 01

Undo
File
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4.1.12 Creating a airfoil using a Bezier curve

Design
Mz fails Mirar

The airfoil can be manipulated graphically using the control points (in blue). One of the most common
uses is to import an image (a photo or scan of a wing root airfoil, for example) as a background to
redesign the airfoil.

@) Airfoil workshop - O *
0209 To current foil ->
0.15
0.10+ L ] *
.
- ¥
W’ | [CUIARK Y |
o
= 0.00 ;
- ! O e
T I
-0.054 . .
-0.104 Adjust image
+ T g
-0.15+
=10 - —
-0.20 - e
0.0 01 0.2 03 0.4 05 06 0.7 1.0
xlc
File Design Shape Background
Load Save Hide Bezier NACA 4/5 Unit chord Derotate Clear pic

Once the airfoil has been adjusted, simply click on ‘“To current foil’ to transform this airfoil into a usable
airfoil and duplicate it in the current airfoil.

4.1.13 Horizontal mirror
Design

MACA 4/5

This function can be used, for example, to study backwards flight in more detail, and then create a
specific polar curve for this phase of flight. It can also be used to create a symmetrical airfoil from the
lower or upper surface of a given airfoil, using the airfoil blending function (used with the normal airfoil
and the inverted airfoil).

Berier foil
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4.1.14 Airfoil polar generation

xFoil
Make polar
nCrit 9 amin -5 P
Show polar
wtr top 100 % amax 10 =
S ——— [ InitBL
xtr bot. 100 % ostep 0.5 [ Show CP

The nCrit is an indicator of the average turbulence level around the airfoil, and is used to represent its
surface state. A few benchmark values: nCrit = 3 for an open structure wing, 6 for a fully boxed wing
covered with plastic film, 9 for a composite moulded wing.

xtr top. / bot. indicate the position, in % of the chord, of a turbulator on the top surface and bottom
surface respectively. A value of 100% indicates that there is no turbulator.

The ‘InitBL’ checkbox initializes the boundary layer at each blow point, which facilitates xFoil
convergence (useful for certain airfoils) but slows down polar generation.

The ‘Show CP’ checkbox shows the CP distribution graphs in real time.

4.1.15 Checking and saving the airfoil polar

At the end of the polar generation process, a message is displayed indicating the overall quality of the
result :

@) Airfoil workshop — O
r Polar data CLARKY
Process started at : 08/04/2024 21:( SDVviewer = Notes ™ Savepolar 1.0000 0.0006
_____________ _ _ e _ _ __ 0.9884 0.0033
Generating flight envelope for airfoil : CLAREY ggg;g gg?gg
Beynolds range : 25k, 50k, 100k, 200k, 750k, 1.5M, SM Dlggg? DIDZIS7
Rlpha range : -5° to +10° step 0.5° — DSSZ&) 0.0336
nCrit : 9 , xtr top : 100 , xtr kot : 100 T — '
_____________ _ ’ T _ _ . — 0.8144 0.0411
Reynolds = 25000 | e DTT67 D42
alpha  CL cD c M Top Xtr Bot_Xtr g;gﬁl g-gg‘g
-4.500 -0.4261 0.07032 0.06177 -0.0081 1.0000  0.3422 e oo
-4.000 -0.4031 0.06175 0.05274 -0.0184 1.0000  0.3113 Dooss DT
-3.500 -0.3604 0.05345 0.04363 -0.0269 1.0000  0.2941 e oo
-3.000 -0.3107 0.04747 0.03696 -0.0313 1.0000 0.2965 - 071
-2.500 -0.2583 0.04352 0.03220 -0.0341 1.0000  0.3219 0.5326 0.0811
-2.000 -0.2023 0.03576 0.02778 -0.0360 1.0000  0.3613 g-ilgg g-gg‘iﬁ
-1.500 -0.1520 0.03653 0.02467 -0.0352 1.0000  0.4618 -
-1.000 -0.0948  0.03099  0.02054 —-0.0328  1.0000  1.0000 ¥ 08 09 10 Eﬁ;z g-gg?g
-0.500 -0.0436 0.03207 0.02001 -0.0341 1.0000  1.0000 . . :
0.000 -0.0l100 0.03338 0.02048 -0.0341  1.0000 1.oppp | GeminiAeroDesigner > 1699 0.0916
0.500  0.0270 0.03451 0.02141 -0.0340 1.0000  1.0000 E?’i g-ggg}‘;
1.000 0.0624 0.03668  0.02270 -0.0341  1.0000  1.0000 :
1.500 0.0961 0.03873 0.0243% -0.0343 1.0000  1.0000 E{:ﬁ‘::sc;‘;;lpr'::zﬂ:t']‘e‘f?rsef:"a'a‘i-ngto diek g’gi g-g:g;
2.000 0.1230 0.04110 0.0264% -0.0347  1.0000  1.0000 :
2.500 0.1578 0.04382 0.02901 -0.0353  1.0000  1.0000 :g;ﬂ g-gié‘;
3.000  0.1855 0.04653 0.03198 -0.0362  1.0000  1.0000 B oo
3.500 0.2114 0.05039 0.03534 -0.0373  1.0000  1.0000 07
4.000 0.2652 0.05542  0.04030 -0.0441 0.9815  1.0000 . 1065 0.0649
4.500 0.3241 0.06117 0.04602 -0.0516 0.9561  1.0000 0.0806 0.0566
5.000 0.2853 0.06218 0.04700 -0.0411 1.0000  1.0000 0.0551 0.0484
5.500 0.3095 0.06644 0.05126 -0.0424  1.0000  1.0000 g-g‘ﬁé g-g‘;ﬂg
£.000 0.3324 0.07085 0.05569 -0.043%8 1.0000  1.0000 5 - :
6.500 0.3585 0.07542 0.06033 -0.0453 1.0000  1.0000 Hide polar g-gﬁg g-gig;
7.000 0.3821 0.03018 0.06516 -0.0468  1.0000  1.0000 amax 10 0173 0.
7.500 0.4051 0.08512  0.07020 -0.0483  1.0000  1.0000 [ InitBL g-g;ég g-g}ig
&.000 [ b= [ [ [ 77 - [ e [ = oo0or . ] " "
§.000 0.4434 0.09222 0.07752 -0.0546 0.9843  1.0000 astep 0.5 () Show CP pones 0014

By scrolling through the list of calculated function points, you can check the completeness of the polar
for each Reynolds, again with a quality indicator. If the quality is insufficient (too many points missing),
it is strongly recommended that the polar be regenerated, either by using the ‘InitBL’ option, or (and
this is strongly recommended) by first modifying the airfoil: increasing the number of points to 79 (a
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passe-partout value, with good generation speed and good quality), smoothing, modifying the

distribution of points, etc.

r Polar data
____________________________________ 3D viewer _  Motes T Savepolar 7
Reynolds = 25000
alpha CL CD CDp M Top Etr Bot Xtr
-4.500 -0.4281 0.07032 0.06177 -0.00%81 1.0000 0.3422
-4.000 -0.4031 0.08175 0.05274 -0.0154 1.0000 0.3113
-3.500 -0.3604 0.05345 0.043658 -0.0265 1.0000 0.2941
-3.000 -0.3107 0.04747 0.036% -0.0313 1.0000 0.2965
-2.500 -0.2583 0.04352 0.03220 -0.0341 1.0000 0.321%
-2.000 -0.2023 0.03%76 0.02778 -0.03€0 1.0000 0.3613
-1.500 -0.1520 0.03653 0.02467 -0.0352 1.0000 0.4€l8
-1.000 -0.0948 0.0309% 0.02054 -0.0328  1.0000 1.0000
-0.500 -0.048¢ 0.03207 0.02001 -0.0341  1.0000 1.0000
0.000 -0.0100 0.03338 0.02048 -0.0341 1.0000 1.0000
0.500 0.0270 0.03491 0.02141 -0.0340 1.0000 1.0000
1.000 0.0624 0.03668 0.02270 -0.0341 1.0000 1.0000
1.500 0.0961 0.03873 0.0243% -0.0343 1.0000 1.0000
2.000 0.1280 0.04110 0.026458 -0.0347 1.0000 1.0000
2.500 0.1573 0.04332 0.02%011 -0.0353 1.0000 1.0000
3.000 0.1555 0.04693 0.031%3 -0.0362 1.0000 1.0000
3.500 0.2114 0.0503% 0.03534 -0.0373 1.0000 1.0000
4.000 0.2652 0.05542 0.04030 -0.0441 0.9815 1.0000
4.500 0.3241 0.06117 0.04g02 -0.0516 0.9561 1.0000
5.000 0.2853 0.06218 0.04700 -0.0411 1.0000 1.0000
5.500 0.3099 O.0g844 0.05126 -0.0424 1.0000 1.0000
&.000 0.3344 0.07085 0.0556% -0.0438 1.0000 1.0000
G.500 0.3585 0.07542 0.06033 -0.0453 1.0000 1.0000
T7.000 0.3521 0.08018 0.06516 -0.0465 1.0000 1.0000
7.500 0.4051 0.08512 0.07020 -0.0483 1.0000 1.0000
g.000 0.4434 0.08222 0.07752 -0.0546 0.9%843 1.0000
g.500 0.4540 0.09%33 0.08538 -0.0614 0.%480 1.0000
9.000 0.5342 0.10757 0.0%337 -0.086% 0.911e 1.0000
9.500 0.5774 0.11573 0.l0l86 -0.0723 0.3634 1.0000
10.000 0.5141 0.12416 0.11057 -0.07¢4 0.2221 1.0000

4.1.16 Boundary layer analysis

A simple click on an operating point automatically opens the boundary layer and pressure distribution
analysis tool, which can be very useful for determining the position of a turbulator, for example :

Polar data
Process started at : 08/04/2024 alz¢ S0 Viewer 7 Notes ™ Save polar 7
Generating flight envelope for airfoil : CLARKY
Reynolds range : 25k, 50k, 100k, 200k, 750k, 1.5M, 5M
Alpha rangs : -5° to +10° step 0.5°
nCrit : 9 , xtr top : 100 , xtr bot : 100
Reynolds = 25000
alpha CL CD CDp ™ Top_Xtr Bot_Xtr
-4.500 -0.4261 0.07032 0.06177 -0.0081 l.0000 0.3422
-4.000 -0.4031 0.06175 0.05274 -0.0124 l.0000 0.3113
-3.500 -0.3604 0.05345 0.043€8 -0.0283 l.0000 0.2941
-3.000 -0.3107 0.04747 0.03€%6 -0.0313 l.0000 0.2985
-2.500 -0.25383 0.04352 0.03220 -0.0341 l.0000 0.3219
-2.000 -0.2023 0.0397¢ 0.02778 -0.03&0 l.0000 0.3613
-1.500 -0.1520 0.03653 0.02487 -0.0352 l.0000 0.4618
T 11T 1L ST -1 SR B v S o R B o 11
-0.500 -0.0436 0.03207 0.02001 -0.0341 1.0000 1.0000 ]
4 1
T T W Y L B W T T [T
1.000 0.0624 0.03663 0.02270 -0.0341 1.0000 1.0000
1.500 0.0961 0.03873 0.02439 -0.0343 1.0000 1.0000
2.000 0.1280 0.04110 0.02€648 -0.0347 1.0000 1.0000
2.500 0.1578 0.04382 0.02901 -0.0353 1.0000 1.0000
3.000 0.1855 0.04693 0.031%8 -0.0362 1.0000 1.0000
3.500 0.2114 0.05038 0.03534 -0.0373 L1.0000 L1.0000
4.000 0.2652 0.05542 0.04030 -0.0441 0.9815 L1.0000
4.500 0.3241 0.06117 0.04602 -0.051% 0.9561 L1.0000
5.000 0.2853 0.08218 0.04700 -0.0411 L1.0000 L1.0000
5.500 0.3099 0.06644 0.05126 -0.0424 L1.0000 L1.0000
€.000 0.3344 0.07085 0.055¢% -0.0438 l.0000 l.0000
€.500 0.3535 0.07542 0.06033 -0.0453 l.0000 l.0000
7.000 0.3821 0.08018 0.06516 -0.0465 l.0000 l.0000
7.500 0.4051 0.08512 0.07020 -0.0433 l.0000 l.0000
8.000 0.4434 0.08222 0.07752 -0.054¢ 0.9243 l.0000

L lcrarky

€ Foil boundary layer = a *
Foil : CLARKY
OP point : Reynolds 25000, Alpha 0%, nCrit 9, xtr top 100%, xtr bot 100%
020+ 2
015+ 15

wio

-0.10— 1

-0.15+ 15

-0.20 2

00 01 02 03 04 05 06 07 08 09 10
xlc

0.9g24 1.06364 0.071564 0.004002 -0.000611 17.881 -0.144713
0.962 0.0096 1.06924 0.067683 0.003995 -0.000614 16.943 -0.14436
0.9269 0.0176 1.07014 0.06249 0.003934 -0.000618 15.685 -0.14521
0.8897 0.0257 1.07031 0.056931 0.003971 -0.000624 14.337 -0.146
0.852 0.0336 1.07097 0.051234 0.003955 -0.000632 12.954 -0.14698
0.8144 0.0411 1.07159 0.043649 0.003933 -0.000642 11.606 -0.1483
0.7767 0.0482 1.07246 0.040251 0.003903 -0.000656 10.314 -0.15017

————r s e
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4.1.17 Displaying the polar in 3D

Polar data

Clicking on the ‘3D viewer’ button opens a screen showing the polar in 3D, with the option of :
- select the data to be displayed for each axis
- rotate the 3D view: left-click + mouse movement for the horizontal plane, right-click +
movement for the vertical plane, ctrl + vertical movement for zoom.

— S
€ Polar 3D vizualiser = [m] X

.Reynnlds “|
[ B -
z |a -

CLARKY

100000
200000

~ 300000

00z Py T~ T " 200000
.~ - _

500000

0.6

[T T T 600000
01 - 700000

900000

4.1.18 Saving the airfoil polar

When the polar is judged to be satisfactory, clicking on the ‘Save polar’ button saves it to disk.

Polar data

Process started at : 08/04/2024 21:( -0 viewer = Notes
________________________________________________________________ I

The stored polar can be hidden / displayed at any time using the ‘Show’ / ‘Hide’ button :

. Make polar
amin -3
Hide polar
amax 10 —
[ ] InitBL
ostep 0.3 (] Show CP

This allows you to go back to modifying the airfoil, for example, and then re-launch a new polar after it
has been modified.

In parallel with the polar creation process, you can also use the airfoil polar comparison screen to load
each polar generated during a airfoil modification and check the progress of your airfoil design work
step by step, so that you end up with the most interesting result.
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4.2  Airfoil polar analysis and comparison

4.2.1 User interface

This tool can be used to read airfoil polars, compare several polars with each other and store the
comparison on disk. It is completely independent of the rest of the application.

It contains four classic graphs (Cl/ Cd, Cl/ Alpha, Cm / Cl, Cl/Cd / Cl) as well as :

the laminar/turbulence transition (xtr) for the lower surface (bot) and the upper surface
(top)

the Reynolds sensitivity of the airfoil, via three variables (Cd mini, CmO, Alpha0) which
can be assimilated to constants when the airfoil is used above its critical Reynolds.

Cl

€ Airfoil polar diagrams — O X
020 Airfoils polars Comparisan: | Load Save Clear || Notes
015
B 1 o Name nCrit| xtrT./B. | Alphad | Cm0 | Thick. @ %C | Camb. ® %C
05— B ——— N » @1 | claRv 9 [wo/100 351 0083 (NeB@T [3M@MN6
£ 000 S I —— 9?2
005 o3
010
015 o5
020 Y
o0 01 02 03 04 05 06 07 08 03 10 g
Reference Reynolds User Reynolds L
[J25k & 50k [ 100k 200k[] 750k [ 15M []50M |:| 8

Cm
S o
=
=)

Cd Alpha XrlC
100+ 54
904
804
704
604
504
404
304
204
104

chcd
100.Cm0 Alpha0 100.Cdmin
p—

00 05 10 15 -05

Re

0 1.000000 2.000000 3.000.000 4.000.000 5.000.000

4.2.2  Airfoil polar management

8 airfoil polars can be loaded into the comparison via the popup menu (right-click on the desired line) :

Airfoils polars
Mame
’ : 12 | Load

Save

LE
Clear

®5 Show

@6 Hide

L

- Show BL

®:
3D polar i
Aspect Ratio tuning
OP peints
Edit notes

Extract foil to .dat
Extract foil to .dxf

Unselect row

31



This menu offers additional functions, such as deleting or hiding the polar, displaying CP curves
(‘Show BL'), choosing the elongation (associated with the airfoil), etc. The ‘OP points’ button gives
access to the points calculated when the polar was blown. It is also possible to extract the airfoil and
save it to disk.

Once the polar curve has been loaded, the main information (blowing parameters and dimensions) is
displayed in the table and the airfoil is drawn on the graph :

Mame nCrit | xtr T. / B. Alphal | Cm0 Thick. @ %C Camb. @ %6C
L B CLARKY_n3 3 100/ 100 -3.39 -0.081 Med @287 (344 @416

0.20
0.15
0.10 .
0054 _— —
000 B e

-0.05- e

-0.104

-0.154

-0.20-
0.0 0.1 0.2 03 0.4 0.5 06 0.7 0.2 0.9 1.0

4.2.3 Comparison management

The polar comparison is the recording of the whole of this screen (polar airfoils + ticked box, plus the
associated note) and can be saved to disk :

Comparison: | Leoad Save Clear Motes

4.2.4  Flight envelope and reference Reynolds

he curves passing through the operational points calculated at reference Reynolds (and then used by
the xFoil interpolator) can be hidden/displayed using the checkboxes :

Reference Reynolds
25k 50k []100k[s] 200k ] 730k ] 1.5M []350M

Given the large number of curves that can be displayed, the graphs are not captioned, so you have to
move the cursor over the curves to find out what they represent. Here, it is polar no. 1 (ClarkY, see
above) and reference Reynolds 2 (i.e. 50 k, i.e. Re = 50000).

15
f{__,,—f' '/?_______ _________________'
r
1.0 ra ,.f
e
| = "
S 05
\_l. I F3
Y { Current pos. 00264 03233
0.0 ‘ﬁ,\ , Mearestpt: [Pol#l_ReRef#2]0.0261,0.3220
NS
‘k‘\ ...-H"'\- \-\--\-'—_ —
05 P S B, ]
000 001 002 003 004 005 006 007 008 009 0.10
Cd
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4.2.5 Variable Reynolds polars

Two modifiable Reynolds polars (using the keyboard or mouse scroll) can be displayed:
- at constant Reynolds: type 1 polar (constant speed)
- at constant R.CI"0.5: type 2 polar (constant lift)

User Reynelds User Reynolds ./
M (35000 | {35000 | [][35000 | (35000 | ®:

Type 1 polar (Re = cst) l 1 5_|
I I '

Type 2 polar (Re.C1*0L5 = cst) i

These two curves are drawn in dotted lines, to distinguish them clearly from the reference Reynolds
(in solid lines).

Four graphs are concerned by these user Reynolds polars, with the interpolator working
simultaneously in Alpha, Cl, Cd and Cm:

Reference Reynolds User Reynolds ‘ hedld
25k [ 50k [] 100k 200k[] 750k[] 1.5M [] 50M |35000 | D|35000 | @
15 15
= S e e =l I L
i R s i —— i
1.0 / e R 1.0 =
/o = e
f | =" L =T
{ ~ —
o 05 W o 05 o
|1/ A
Fa e
( A 1 ;’/_,zj/
¥ b | = o
0.0 \ b 0.0 o
N R = =
No N | e
~ o - | 3/4‘5/
05 e —_| 05
D00 001 002 003 004 005 006 007 008 009 010 - 4 =2 0 2 4 6 8 W 12
Cd Alpha
0.20 - 100
015 304
80
0.10- S
/U4 e
0.05 504 ~ A
= b
E 000 2 s / \
= Y X
-5é;—- —_ ] = 40 s |
_[)_[)5-. Frii g I |
T ———— 304 / = -
-0.10- p 1t )/
201 / B,
-0.15- _ T j -
10 Af"{if —.__&. —
-0.20- 0-
05 0.0 05 10 15 -05 0.0 05 10 15
al al

The type 1 polar is also very useful for dynamically visualising the operation of Gemini's non-linear
interpolator using the mouse scroll. This shows its remarkable efficiency, which means that only 7
reference Reynolds (judiciously staggered) are needed to correctly describe flight domains ranging
from micro RC to full-scale ULM.
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4.2.6 Laminar-turbulent transition

15+
RS
1.0 S
S 051
0.0
05
00 01 02 03 04 05 06 07 08 09 10
Xir/ C

Ce graphique se lit de maniére inversée, comme celui de Cl/ Cd. Par exemple, pour Cl = 0.5, on a ici
une transition qui se fait a I'extrados a 80% de la corde (Xtr/C = 0.6).

4.2.7 ldentifying the critical Reynolds

A graph dedicated to this identification shows, as a function of Reynolds, the evolution of parameters
that can be assimilated to constants when the airfoil is operating normally, i.e. when it is used above
its critical Reynolds.

B-

[=]
1

'
o
1

100,Cm0 Alphad 100,Cd min
T

0 1,000,000 2,000,000 3,000,000 4,000,000 5,000,000
Re

By zooming in, the critical Reynolds is very easy to identify (here : around 130,000) :

5-
= L
E
= : . P S W
g U T
o .
o .
= N
= —
<< S
7
= .
= T,
-104
a 100,000 200,000 300,000 400,000
50,000 150,000 250,000 350,000

Re
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4.3 Editing the plane

4.3.1 Main interface

The drawing and text data displayed in the main interface are automatically recalculated each time the
dimension is changed.

For reasons of clarity, only a few global results and simplified foci (calculated in linear 1.5D) are
displayed. The CG, for example, will be defined in the performance analysis.

Wing tot. H span
Wing tot. area
Wing eff. H area
Wing Aspect Ratio
Wing M.A.C.

Wing A.C.

Wing - tail lever
Tail tot. area
Tail eff. H area
Tail eff. V area
Tail efficiency
Tail volume

Fin tot. area
Wing/tail decalage
Wing/fuse decalage

4.3.2 Definition of the wings

For the moment, only one pair of wings is planned ("‘Wing 1’), but eventually the biplane configuration
will be taken into account.

You can navigate through the dimension cells using the ‘tab’ key, or by clicking directly on a cell with
the mouse. Values can be entered using the keyboard or by scrolling the mouse (pressing the ‘ctrl’
key at the same time increases the step size by a factor of 10).

Some dimensions are relative to the panel in question (chord, length), while others are absolute in
relation to the origin (wing root chord (sweep, dihedral, twist).

The position of the wing (angular, eq. trim, and linear) is considered in relation to the X, Y, Z axis
system of the aircraft drawing.
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o Wingls) planferm (units : linear dimensicns in mm, angles in ©) - O *
"Wing'l (main) Lift - Cm anall,rsiss —
Panel1 Panel2 Panel3 Paneld Panel3 900 Span (mm)
Root chord 18.0 Area (dm?)
Tip chord |15{:I || || || || | 4.5 Aspect Ratio
[] Spline Span |45ﬂ || || || || | 204 M.A.C. (mm)
Sweep dist. |1m || || || || | 97 A.C.local X pos (mm)
0.63 dCl/dCleo 1.5D (lift eff.)
[[] mm Dihedral |2 || || || || | 899 Hor. span (mm)
Twist |_1 || || || || | 18.0 Heor. eff. area (dm?)
18.0 Total Hor. (dm?
Rot.¥ |13, | Wingposition X 0 ¥ < v 063 T:t:IdzIr.’:(rZ:o (|; ff)

VLM analysis of spanwise
coefficient and force
distributions

Lift efficiency (ratio
between the variation in
Cl relative to the wing
angle of attack versus the
variation in Cl of the airfoil
at infinite aspect ratio).

Surface area of a wing
without dihedral
equivalent lift

Incidence relative to
horizontal plane XY

Spacing between the
two wings

The airfoils, or more precisely: the airfoil polars, are relative to the chords entered (wing root = panel 1
root chord, chord 1 = panel 1 root chord, chord 2 = panel 2 root chord, etc.). Airfoils are loaded by

clicking the mouse on the relevant column.

Foil(s)
Wingroot  Chord 1 Chord 2 Chord 3
Mame | CLARKY 15 CLARKY—= I T
Alphad |-3.31 -3.51 | Load foi!
cmo | 0083 0022 | Same fﬂ.ll as root
——— Clear foil
Aspect Ratio tuning B

The absence of a airfoil for a chord does not prevent certain calculations from being made, such as
those relating to geometry (surface, etc.), but all calculations using airfoils (Cl, Cm, etc.) will be

erroneous.

4.3.3 Elliptical wings

It is possible to draw elliptical wings or wings with an evolving shape by checking the ‘Spline’ option,
which makes it possible to generate complex wings with very few panels :

'|Wing1{main} w
Panel1 Panel2 Panel3 Paneld4 Panel 3

Root chord 200 |10 a0

[0 | Tipchord 200 [[150 [[eo |25 || |

[ spline  Span [250 [[200 |[[120 [0 || |
Sweepdist. 30 [l90 |00 |20 || |
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4.3.4 VLM mesh

Multi-panel or elliptical wings typically have panels whose dimensions decrease towards the root
chord. In some cases, these dimensions are smaller than the small element discretization of the VLM
calculation, in which case it is desirable to increase the number of elements, so that each panel of the
wing has at least two elements.

Wing 1 (main) ~ —

Root chord |.

40 ~ || Tip chord |

For example, with an F3F glider wing, the default mesh (made up of 40 elements, each represented
by a point and a triangle) does not cover the last panel :

e

\ \\ \
YV VVVVVVYVVVY

With a finer mesh, the last panel is discretised into 2 elements, which is sufficient to obtain
representative results (especially as the surface area concerned is very small relative to that of the
wing) :

Caution: the finer the mesh, the longer the calculation time.

4.3.5 Distribution of forces and coefficients over the span

This function is activated from the wing dimensions input screen (same for stabiliser) :

- | .

900 Span (mrm)

—— Lift - Cm analysis —‘

This analysis tool allows you to study the distribution of the main aerodynamic forces and coefficients
of the wings along the span (b) as a function of angle of attack and flight speed.
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ﬂ Wing 3D VLM analysis, xFoil dual coupled (linear & nen-linear) - a x
15+ 020 0.80
...................... 0.154 0.604
1 e 010 | 040 |
.05 i s ~ 0.204
G 05/ | 3 omw 5 on - Ll -
__________ ""---_____,-
-0.05 -0.204
0.0 -0.10 -0.404
-0.154 -0.60
-05 -0.20 -0.80
-1.0 -05 0o 05 10 -1.0 -05 0.0 05 10 -10 -05 0o 05 10
Yib Yib Yib
200 200+ 8.00
6.00
150 150 § =
B = T E 400y
= E ——— e
FES R s P e &
FER s - e e o B | i e st s i 13 - 8 =
E E 77 | £ 000 -~ -
= s = 0504 Z o] Nugg#
= ¥ A 2 z
= S 400
0.00 0.00 = :
-6.00
-0.50+ -050 -8.00
-10 -05 0o 05 10 -10 -05 0.0 05 10 -10 -05 0o 05 10
Yib Yib Yib
tho (kg/m3) [12 Export results to C5V
Angle of attack (%) [10 Analysis cl Cd (foil) Cdi (lift) Cd (total) Cl/cd Cm0.23 CmCG efactor dClfdCles Lift (dal) Drag (daN)
Speed (ms/) 1.3D Pelhamus 0.72 0.0131 0.0485 0.0396 121 -0.014 -0.05 - 0.63 21 0.26
VLM Linear 0.71 0.0131 0.0481 0.0612 1.7 -0.014 -0.043 0918 0.62 3.1 0.26
CG pos. (%M.AC) :
1 mm VLM Nonlinear 0.71 0.013 0.0478 0.0608 11.6 -0.011 -0.04 0923 0.57 31 0.26

It also calculates the overall coefficients, which makes it particularly useful for the design of flying
wings (seeking longitudinal balance at the design Cl, i.e. CmCG = 0), as well as glider and
performance aircraft wings.

Another practical use is to determine the angle of attack for a given CI, which can be used, for
example, as a wing/fuselage setting for the design Cl :

[Angle of attack (%) @] | Analysis Cl

Speed (ms/) 1.50 Polhamus 0.3
WLM Linear 0.3
Cia (%eMLALC) |25
oo (|:| :I VLM MenLinear 0.32

mim

Given the large number of curves, no legend is given (this would overload the screen), so you have to
move the mouse cursor over each one to find out what it means :

154
‘I_D_.......... ...................................................................
_________ e,
&} D.E-—/:rrentpos.:-D.?148,D.688? \
Mearestpt: [Cl_eff_non-linear]-0.7250, 07015 [
0.0
054 ! . /
-1.0 -05 0.0 05 1.0

Yib

However, a colour code is used to make it easier to identify the curves: green = 1.5D, blue = linear,
red = non-linear.

This tool can also be useful in the general case, for example to study the stall initiation zones and, if
necessary, change the airfoil and/or add a twist adapted to the root chord. In fact, for healthy
behaviour, it is preferable for the stall to initiate towards the root rather than the tip, so as to maintain
roll control.
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Healthy behaviour on a low aspect ratio trapezoidal wing :

Cl max profil(s)
/ 0.15
- 0.10

1.0 =mts e - - -
- .
f\/ﬁ iz D e
054 0.00

8] 3
-0.05
00 -0.10
-0.15
-05 -020
-1.0 -05 0.0 05 1.0 -10 -05 i} 05 10
Y/b Yib

Problematic behaviour on a ‘raw’ F3F glider wing :

€ Wing 30 VLM analysis, xFail dual coupled (linear & non-linear)
154 020
0151
B 1 010
T =R 0051
o 05 3 oo
-0.05
00 -0.104
0154
05 020
10 05 0o 05 10 10 05 00 05
¥ib Yib

The same wing after adapting the airfoils and adding a slight twist to the last 3 chords :

15 0.20-
0.154
1.0 j.-__....-f *—_._\\ 0.10+
f'f ﬁ\ 0.054
O 05 S 0004F£ -
/ )
-0.054
00 -0.10
-0.154
05 -0.20
-1.0 05 0.0 05 10 -1.0 05 0.0 05 10
Yib Yib

The graph on the right shows an increase in the drag coefficient at the last panel, which is normal

(very low Reynolds), but not very significant for performance given the very small surface area
involved.
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4.3.6

Winglets

Since the G.A.D. VLM solver is of the full 3D type, it is perfectly possible to study wings with winglets :

@ Wing 3D VLM analysis, xFoil dual coupled (linear & non-linear) = O
15 020 | ) 080, |
015 @ Wing(s) planform (units : linear dimensions in mm, angles in °) - D X
f————_\
109 0.104 Wing 1 (main) Lift - Cm analysis
i Panel1 Panel2 Panel3 Paneld Panels
= — 005 . = 3424 Span (mm)
Rootchord 250 215 175 130
G 05 3 DDD:V,z 623 Area (dm?)
v 7
s |1_40 | Tpchod 215 173 130 w2 30 188 Aspect Ratio =) i
. i - O spline  gpan 750 405 240 167 150 207 MAC. (mm)
2 i =™ e —
0154 Sweep dist. 15 45 80 310 76 A.C.local X pos (mm)
084 dCl/dCles 1.5D (it eff)
05 020—— [ "
-10 05 00 05 10 10 [ mm  Dihedral 2 00 00 00 @ 3123 Hor. span (mm) 05 10
Yib i [T o o I s 610 Hor. eff. area (dm?)
200 200+ bl T S W S
- ] 623 Total Hor. area (dm”)
150 e 150 Rot.v 15 Wingposition X 0 Yy zo BT ——
2 100 2 1004 Foil(s)
g g ; Wingroot  Chord 1 Chord 2 Chord 3 Chord 4 Chord 5
Z 0% = Us0q §| Nome [NACATOR [NACAVIOS [NACATIOR [NACAII |NACADDS |MACADDS
- i 1| aphao |09 -092 092 082 0 0
0,004 0.00 0014 0014 0014 0014 0 0
Cmo
050 050 =T wy B 1
-10 05 00 05 10 10 05 00 05 10 -0 05 00 05 10
Yib Yib Yib
tho (kg/m3) 1.2 Export results to CSV
Angle of attack (%) 7 Analysis cl Cd (foil) Cdi (lft) Cd(total)  Cl/Cd cmb.25 CmCG e factor dCldClo  Lift(N) Drag (N)
150 Polhamus | 0.71 0014 0.0094 0.0234 30,6 0014 0014 - 084 1066 349
Speed (ms/) 20
— |VLMLinear [RE] 0014 00113 0.0259 283 0014 0012 0954 086 1002 336
CG pos. (BMAC) 25 -
 mm ——— [VLMMoninear 072 0.0138 00118 0.0256 283 -0.01 -0.008 0954 081 1081 382

Note that G.A.D. calculates two types of Cl curves: normal to the surface and effective in terms of lift
(projection on the vertical axis) :

@ Wing 30 VLM analysis, xFoil dual coupled (linear & non-linear) - o x
15—

S 05—
i i
1 ¥
| i
i i
i i
H 1
1 ]
T 1
j I I
' i
i i
i i
0.0 H 1
7 Current pos. : 08414 , -0.0152 X
Nearestpt:[C1_eff_non-linear] -0.9357, 0.0000
-05 T T 1
-10 05 0.0 05 10
Yib
tho (kg/m3) 12 Export results to CSV
Angle of attack (7) [7 Analysis <l Cd (foil) Cdi (Iift) Cd (total) cicd Cmd.25 CmCG & factor dCl/dClos Lift (N) Drag (N)
Speed (ms/) 20 15D Polhamus | 0.71 0014 0.0094 0.0234 30.6 0014 0014 - 0.84 106.6 349
VLM Linear 0.73 0014 0119 0.0259 283 0014 0012 0.954 0.86 109.2 3.86
CG pos. (FMAC) 25
[ VLM NonLinear 072 0.0138 00118 0.0256 283 001 -0.009 0,954 081 108.1 38

4.3.7 Optimising aspect ratio
This wing design aid can be accessed from any of the D.A.M. areas that manipulate airfoil polars,
such as polar comparison or loading a polar for a wing.

The principle is to scan a range of aspect ratios for a given airfoil associated with a given wing surface
and shape. The various polars thus plotted can be used to analyse the effect of aspect ratio on
performance and, on that basis, to choose the best compromise for the desired flight envelope.

Two typical flight conditions are studied simultaneously:

- at constant lift and variable speed: level, straight glide
- at constant speed and variable lift: turns, loops, etc.
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Wngmea o 2 nolgms) 12 amn 6 amm 8 s 03
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- s ™
T 05 @ g
S 19 £ a4
0
00
204
10
05 20 i
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The key to using this tool lies in defining the flight envelope, which can be synthesised into 3 variables
(flight speed, weight and ClI), the challenge of which is to identify typical values. An example for the
F3F: https://www.rc-network.de/threads/flugvermessung-bei-f3f.11812891/

4.3.8 Tailplane and fin definition

This screen is structured in exactly the same way as the wing screen, with a few minor differences:
- the airfoil and dihedral are constant throughout the span
- no twisting
- certain global aircraft data (tail volume) are calculated here

l a Tail & fin{s) planforms {units : linear dimensions in mm, angles in *) = O *
‘|Tai| élanfnrr‘n .
[ Panel1 Panel2 Panel3 Paneld Panel 3 360 Span (mm)
Root chord hSD 45 Area (dm?)

Tip chord 100 29 Aspect Ratio

(] Spline  Span 180 B MA.C (mm)

535 A.C. local X pos (mm)
0,538 dCl/dClea 1.50 (lift eff.)
45 Hor. eff. area (dm?)

0.0 Ver. eff. area (dm?)
Foil MNACADDDS 15 Dihedral 0 Rot.¥ 0.3 0.62 Tail volume

Yertical fin(s)
[ Panel 1 Panel2 Panel3 150 Span (mm]

Foot chord 130 1.9 Area (dm?)

..l';_l ﬂSpECt Hat o
D e FP Cho AT

= 127 M.A.C (mm) |
[ Spli 5 130
| Spline pan 503 A.C.local X pos (mm)

Sweep dist. 30

Tail position ¥ 550 y 20 7z -20

Sweep dist, 40 0.27 dCl/dCleo 1.5D (lift eff.)
1.8 Ver. tot. area (dm°)
Foil MACADDDY 15 Pos.: X 530 ¥ O Z -0 ---- Fin volume

4.3.9 Fuselage definition

Fuselage modelling is deliberately very simple, using an approach similar to that developed by Gilruth
(see NACA Report 711), with experimentally recalibrated coefficients for low Reynolds. The results are
robust and very close to those obtained with a more complex discretisation method such as
Multhopp's (see NACA TM1036).

The only precaution to take is to choose a shape that is visually representative of the fuselage being
modelled (refer to the aircraft drawing in the main interface).
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‘D Fuselage (units : linear dimensions in mm, angles in °} — O X

Length 900 Body type normal tail boom w 23.8 Wet area (dm?)

Width 20 Section shape rectangular, rounded corners 50 Hor. proj. area (dm?)
180.0 NP local X pos (mm)

Height &0 Wing(s) connection quality  normal ~

Pos.: X -200 ¥y 0 Z -30 Rot.v O

4.3.10 Powertrain definition

@ Motor and Propeller = a X
Propeller Study fixed parameters

© power in (ground)

) motor (KV, weigth)

() moter (KV, 10)

O rpm (N1, N0}

Blades width  normal
Blades gty 2 v

Diameter (") 9

Pitch () &

Aerodynamic pitch (*): 6.9
Ct0:0.1092 Cp0: 0.056
nmax: 0.693 Jmax: 0.77

Solver control

04 0
00 05 10 15 tho (kgfm3) 12

Solve @ Auto update

Metor + Prop
Ground, static condition : N1' = 7110 rpm, Thrust = 5 N, Vpitch = 20.8 m/s . Solver status : ok
In fligth at zero thrust : NO' = 8588 rpm, V = 23.9 m/s :
Motor
: 10
Voltage (V) 10 Quality  nomal
Current (A] 10 Load (N1/NO)  0.75 (std) ~ [
— = 05
Gearratio 1 Weight (g) 67 ‘
KV (pm/V) 948 |
Pin (W) : 100 P 00
Pout(W) : 74 0(a) D058 0 F5 50 75 100
n (eta) : 0.74
RO (ohms)  0.1639 1000
| max (A): 115 N1(rpm) 7110
Pin max (W): 115 T =
NO (rpm) 2420 £ o=
=
Batt. capacity (mAh) 1500 0
Fligth time ® 80% DOD (min) : 7.2 U & =0 R

The results are given by the curves of the coefficients of traction (Ct), power (Cp) and efficiency (eta)
versus the factor of advance (J = flight speed / (rpm * propeller diameter)).

Unlike conventional calculators based on very approximate methods (Boucher formula, etc.) covering
only the static operating point, G.A.D. uses aerodynamic modelling of the propellers based on
hundreds of wind tunnel measurements (e.g. . UIUC Propeller DataBase), from the static point (J = 0)
up to the transparent speed (zero traction, J = Jmax).

Propeller
Blades width normal R 021 i
Blades gty 2 w
Diameter ("] 9 & =
05 =
Pitch ("} & & =
Aerodynamic pitch (') : 6.9
Ct0: 0.1092 Cp0: 0.056
n max : 0,683 Jmax : 0.77 -0
1.0 15

Note that the pitch entered is the geometric pitch (= propeller airfoil set at 70% of the rayaon) given by

the manufacturers. The aerodynamic pitch is then calculated, generally with a value significantly

higher than the geometric pitch, which explains why many aircraft can fly at pitch speed (Vpitch), when
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we would expect a lower speed.

The engine calculation model is also based on physical data, incorporating automatic corrections for
Ri and 10 (these are not constants) as a function of power density and rpm.

Motor
: 1.0-
Voltage (V) 10 CQuality  normal v
Current (&) 10 Load (N1/NO) 075 (std) ~ I.f"‘x
— = 05
Gearratic 1 Weight (g) 67 | \\
KV (rpm/V) 042 i
Pin (W) : 100 P 0.0 ™
Pout(W) : 74 I0(A) 0.8 0 25 50 75 100
n (eta) : 0.74 [ (&)
RO (ohms)  0.1632 20,000 -1000
I max (A): 11,3 M1 (rpm) 7110
Pin max (W): 115 = T =
NO (rpm) 9420 = =
=
Batt. capacity (md.h) 1500 0
Fligth time @ 80% DOD (min) : 7.2 . = 2 A

These advanced models offer two decisive advantages:

- they are generic, so you don't need to scroll down a list of equipment and/or
manufacturers to identify the elements under study; all you need to do is enter their
physical characteristics (which are easy to measure and/or find in the manufacturer's
data).

- they enable the engine flight envelope to be calculated accurately (by cross-referencing
with the aerodynamic performance of the aircraft).

Obviously, the ground operating point is calculated (the units can be changed via the ToolBox) :

Motor + Prop

Ground, static condition : M1' = 7110 rpm, Thrust = 3 N, Vpitch = 20.8 m/s
In fligth at zero thrust : ND' = 8588 rpm, V = 23.9 m/s

The density of the air (rho) is taken into account in the calculations. The solver can solve different
scenarios, depending on the parameters known and/or set and the objectives of the study (a status
indicates whether the solver finds a solution to the input data entered):
- imposed input power: the solver determines the motor that will drive the chosen propeller
while consuming this power
- known motor (KV and weight or KV and 10): the solver calculates the speed and current
with the chosen propeller
- known main speeds (with propeller and at no load): this makes it possible to simulate any
type of engine, including thermal engines.

Study fixed parameters
. Sclver control
© powerin (ground)

() motor (KV, weigth) rho (kg/m3) 1.2

) motor (KV, 10) Solve Auto update

O rpm (N1, NO)
. Solver status : ok
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4.4

This screen is used to simulate aircraft performance in different contexts.

Performance, balance and stability analyses

D Plane analysis

Speed (m/s)

cl

CGposition (mm) (110 | Static Margin 1D (% MAC): 36

® Wing O Tail

0.00 0.05

cl

tho (kg/m3) [12

| amac[is | asten[025

Drag ratio

Run analysis

[] Auto update

Linear

010 015 0.20 05 00 05 10
cd a
020+
015 40
0.10 »
g 0054 _
2 - 0 B
9 o 2 = S
= 9 1 g
G -005 e
-] T[T N
010t
-0.154 -10
-0.204 20 04
05 00 05 10 15 05 00 05

Motes

05 10 15
a

05
al

The graphs used for the most common analyses are specific to each context. It is possible to go

further in the analysis, by exporting the performances to be analysed in the comparison tool.
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Simulation parameters

The parameters in the banner are applied to all simulations :

CG position (mm) Static Margin 1D (% MAC): 2.6

the (kg/m3)

cxr‘nin cxmax o step

he analysis is launched for the current context (single wing, aircraft, etc.), and can be manual or
automatic (each time a dimension of the aircraft is changed) :

Run analysis

[] Auto update

The parameters on the tabs are specific to the context :

Speed (m/s) ® Wing O Tail
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4.4.2 Exporting performances
Export results to C5Y || Perfs

For each of the analysis contexts presented below, these two buttons can be used to export the
results in two formats:

- CSV: for customised analysis in Excel spreadsheets

- Gemini: for analysis in the performance comparison tool.

4.4.3 Isolated wing or tail analysis

This section looks at the performance of the wings and empennage in isolation from the rest of the
aircraft.

Lifting surface alone  Plane, Fixed speed  Plane, Fixed lift  Plane, Motor fligth
Speed (m/s) ® Wing O Tail

15 154 100 Linear ~

Cl
cl

Drag ratio

4 =
0.00 0.05 010 015 020
Cd

a

Cm & CmCG
3 [=]
g
\
ciicd
Pawer (W)

a

Note that backwards flight (negative Cl) can be studied at the same time as normal flight.

4.4.4 Plane analysis at constant speed

The aircraft is analyzed at a given speed and at variable angle of attack, i.e. during a maneuver such
as a loop or a tight turn. This is where balance (CmCG = 0) and stability (dCmCG > 0) are studied.

Reminders:
- Longitudinal equilibrium is achieved, for a given operating point (Cl, flight speed), when the
CmCG curve is zero at this point.
- Stability, at which point of this equilibrium, is:
o positive when the slope of CmCG is decreasing.
o zero (neutral centering, i.e. at the general focus).
o negative (unstable) when the slope of CmCG is increasing.
- The stability rate is given by the dCmCG curve (derived from CmCG), and is homogeneous at the
static margin.

To remain consistent with the notion of static margin, and therefore comparable with this value, the

definition of dCmCG retained is as follows: dCmCG = - CmCG / 2m.A.dAlpha.
With : A the 1.5D lift efficiency, dAlpha the difference between the local AOA and the balance AOA.
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Consequently, if the CmCG curve does not cross the zero ordinate, there is no balance and stability

cannot be calculated.

To note that :

Speed (m/s)

cl

CmCG & dCmCG

- this definition of ACMCG represents the pitch stiffness of the aircraft, which is the most
relevant notion for studying stability on this axis.

- the 1.5D and linear VLM curves are calculated with variable downwash (the height and
axial position of the tail are recalculated at each angle of attack), which gives curves
which are not necessarily linear.

Lifting surface alone  Plane, Fixed speed  Plane, Fixed lift Plane, Motor fligth

cl

CliCd

Alpha (7)

05
a

0.0 0.5 10 15
a

Drag ratio

Pawer (W]

Export results te CSV || Perfs

Linear ~

This approach makes it possible to predict (non-linearly) the aircraft's stall behaviour, depending on
how the CmCG curve evolves in this flight regime. For example, we can clearly see the loss of
efficiency of a V or T stabiliser at high angles.

4.4.5

Aircraft analysis at constant lift

The aircraft is analysed at constant lift (= weight), i.e. in a straight line, in a glide or in a balanced turn.

Lifting surface alone  Plane, Fixed speed Plane, Fixed lift  Plane, Moter fligth

Weight (kg) Wing loading (g/dm?): 56

Rell inclination (*) |0

Export results te CSV || Perfs

15+ 15+ 100 4 Linear ~
20
1.0 104
\ o &
G 054 T 054 B
. S s
00 00 =
204
05 054 0
0.00 0.05 0.10 0.15 0.20 0 10 20 0 40 50 0
cd Speed (mis) Speed (mis)
0.20 154 1,000
0154 il
\ 3 200
0.10- 5 10
o
fu =
Q005 s — ]
o = z @
= 00D g 5
e - 3 B m
T 005 E 1
o o
H
0.10 S
= 200
@
0.15
020 5 0
05 0.0 0.5 1.0 15 0 0 10 20 0 40 50
cl Speed (mis) Speed (m's)



Here we find the same notions of equilibrium and stability as in the constant speed analysis, with the
emphasis here on Reynolds effects as in the non-linear analysis.

You can see from the non-linear dCmCG curve that the flight is very stable at low and high angle of
attack, but has a slightly unstable zone at Cl = 0.8. This will require a small check of the nCrit used to
blow the airfoils and, if it is representative, the use of a turbulator (or a change to the offending airfoil)
to improve matters. At the very least, the centre of gravity could be brought forward so that stability is
positive over the entire flight envelope.

4.4.6 Aircraft analysis in engine flight

The aircraft is analysed during engine flight in two typical flight phases:
- inlevel flight: analysis of the power reserve and/or traction and search for the maximum
speed as well as the second gear speed
- inclimb: analysis of rate and angle of climb as a function of horizontal speed.

In both cases, propeller speed, blade peripheral speed and engine current are calculated at each
operating point studied.

| @ Plane analysis — m] X
CG position (mm) 110 Static Margin 1D (% MAC): 3 rho (kg/m3) 1.2 amin -5 amax 15 astep 0.5 Run analysis Auto update Notes
Lifting surface alone Plane, Fixed speed Plane, Fixed lift Plane, Motor fligth

Weight (kg) 1 Wing loading (g/dm?) : 56 Export results to CSV

Export results to CSV
Ultra fine soivectimbrate | | R
Powerplantqty 1 v Throttle % 100 v e
1,200 - 200 121 - 12 -
| Level flight Top climb speed Top climb slope
1000 =] min speed 250 10 10
200 L : 200 - 8l — g
_ i evel flight ) 2
o o = fBanged to E
= g h max speed = s i °
|1 5004 | 82 150 g ;gop—fhght e 6
2 | o3 B < E =
| 400 \\ § E 100 O 4] S 4
2 L
it prop flight
2004/ % 50 2 Level flight 2
: max speed
0 2 0 0 0
0 5 10 15 2 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50 0 10 20 30 40 5 60 70 8 0
Level flight Speed (ms) Horizontal Speed (mis) Climb Angle (%)
304 e, 30 <
\\‘ \\
| 2 2% b
N \\,
= E N
£ 20 NS £ 204 Sk
= et = P
I8 | = iy
| ﬁ 15 T é 154 RRREnE:
= nAmEREREEEREEEARRNpERe 3 S EEEEAENEREREEREREEne—
> ——”// > —‘_’/—
=10 = 104
= =
5 5
0 04
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 2 25 30 35 40 45 50
Level flight Speed (m's) Horizontal Speed (m/s)

Note that the graph at the top left has two ordinate scales, so as to simulate level flight in terms of
power (transmitted by the propeller versus dissipated by the aircraft) and forces (propeller pull versus
aircraft drag).

Since the climb flight calculation is not instantaneous, it must be manually regenerated after a change
of input data.
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4.5

45.1 User interface

Aircraft performance comparison

The aircraft performance [polar] comparison screen is presented in exactly the same way as the airfoil

polar comparison screen.

& Plane polar diagrams - O X
Plane polars Comparison: | Lead Save Clear Notes Template: Load Save Auto Template
Plane file name Analysis Rho (kg/dm3) | CG pos (mm) | Wing MA.C | Wing ref. area | Tail ref.area | Finref.area | Fuseref. area | Tail volume
®1 [ 0Planexml FixedSpeed 20.0 m/s 1.200 100 (314%)  |2042 12.00 450 1.88 5.04 0.623
e
L E
o5
e6
> @7
e:
15 154 0.100
e — =] -
— ol T—
10 = 104 — 0.050 ey
L= =1 . .
Lt // = “\‘\
= 05 = 05 2 g 0020
B ; — =
5 £ o o ~
g 0o —~ £ 004 —= £ -00204 \\
\7- - -~ = N
05 T~ 054 -0.0680 AN
S 3=
10 104 -0.1004 o
0.000 0.080 0.160 0.240 0.320 0.400 10 5 0 5 10 15 07 03 0.1 05 08 13
Plane Cd_N Alpha (%) Plane CI_N
124 400 0.200
== ; ==
9 / ™ 320+ v 0.160 / \".
= / = A | e
3 g / g S e, 3
3 = 240 v’ g 01204 //, \~—
s / ~_| & A g —
£ 2 / 2 160 + 0080 {—— |
= / [ / s
/ / -
14 / 20 > — 0.040
.
——— _// \‘\‘_ 7///
-4 o 0.000
07 03 0.1 05 03 13 07 03 01 05 03 13 07 03 0.1 05 03 13
Plane CI_N Plane CI_N Plane CI_N

It allows you to compare several different aircraft, or the same aircraft with different parameters

(weight, aspect ratio, etc.).

45.2

Performances management

In the same way as for the airfoil polar comparison screen, clicking on each line opens the menu for
loading / hiding / deleting / etc. an aircraft performance polar.

Plane file name An
L N
o2 | Lo |
@93 Save |
Export to CSV
®5 Clear
b
. — Show
87 .
. Hide
3D polar
1.40 QP points
Edit notes
1.12
Unselect row
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4.5.3 Comparison management

Here too, the principle is strictly identical to that of airfoil polar comparisons.

Cormpariscn : Load

4.5.4  Axis configuration s

Unlike the rest of the application, the data displayed can be configured for each axis, so that the
results can be analysed as closely as possible to your needs. These settings are saved in the

Save

Clear Motes

comparison at the same time as the data.

To do this, simply click on the label for each axis, then choose the data to be displayed from the drop-

down list :

Plane CI_M

Speed (m/s)
0.04Plane CILD
Plane CI_L

Plana CI M

-0.5qPlane Cd_L
Plane Cd_M
Plane CmCG_D
10 1plane CmCG_L
Plane CmCG_N
Plane dCmCG_D
400 4Plane dCmiCiG_L
Plane dCmCG_MN
Plane Pw_L (W)
3201 Plane Pw_M (W)
Plane CI/Cd_L

240 Plane CI/Cd_M

160 4 Wing1 CILD
Wingl CI_L
Wingl CI_N
Wing1 feil(s) Cd_L
Wing1 feil(s) Cd_M
Wingl Cdi_L

0 Wing1 Cdi_N
Wingl CmCG_D
Wingl CmiCG_L
Wingl CmCG_N
Tail CI_D

Tail CI_L

Plane Pa N (W)

80

Plane CI_LM

Plane SinkRate_L (m/s)
Plane SinkRate_M {m/s)

Ipha (°

jne C1_

455 Templates

Templates are configuration files for the axes of all the graphs.

Template : Load Save

Auto Termplate
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By default, the application is delivered with four templates :

» PlanesPerfs » Comparisons » Ternplates

W TemplateDefaultxml

W TernplateFixedLlift.oml

W TemplateFixedSpeedaoml
W TernplateMotorClimb.xoml

These standard files (do not rename or move them!) are used automatically when a performance polar
is loaded (depending on its type) if the ‘Auto Template’ box is ticked. As its name suggests, the
‘Default’ template is used when this screen is opened and no polar is loaded.

These templates can be modified, and new ones created as required, by configuring the axes
(regardless of whether or not data is displayed) and then saving the template.

45.6 Analysis examples
Here are a few examples of analysis carried out using the default templates.

Study of the influence of flight speed during manoeuvres :

& Plane polar diagrams

- [m] X
Plane polars Comparison : Save Clear Notes. Template: | Load Save | [] Auto Template
Plane file name Analysis Rho (kg/dm3) | CG pos (mm) | Wing MAC | Wing ref. area | Tail ref. area Fin ref. area Fuseref. area | Tail volume
LA _0_Planexml FixedSpeed 20.0 m/s 1.200 1100 (31.4%) |204.2 18.00 450 1.88 5.04 0.623
L _0_Planexml FixedSpeed 30.0 m/s 1.200 1100 (314%) |204.2 18.00 430 1.88 5.04 0.623
®3 _0_Planexml FixedSpeed 40.0 m/s 1.200 110.0(31.4%) |204.2 18.00 450 188 5.04 0.623
P @5
@5
o7
93
15 0.100
10
=
= 05 = [o}
o o g
E e S
2 0o 2 H
[
0.5
-10 4 -0.100+
0.000 0.080 0.160 0.240 0.320 0.400 -10 =5 0 5 10 15 07 03 01 0.5 08 13
Plane Cd_N Alpha ()
12 3,000
e
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Study of the influence of ballast on a glider when gliding :

@ Plane polar diagrams - m} X
Plane polars Comparison: | Load || Sove | Clear | Notes | Template: [ Auto Template
Plane file name Analysis Rho (kg/dm3) | CG pos (mm) | WingMAC | Wingref. area | Toilref.ares | Finref.area | Fuseref.area | Tail volume
®1 | 0Gliderxml FixedLift 1.0 kg, roll inclination 0° 1.200 1180354%) [204.2 40.00 540 3.05 378 0431
®2 | 0Glidersml FixedlLift 1.5 kg, roll inclination 0° 1.200 1180 (354%) | 2042 40.00 5.40 3.05 378 0431
®3 | 0Gliderxml FixedLift 2.0 kg, roll inclination 0° 1.200 1180 (354%) | 2042 40.00 5.40 3.05 378 0431
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Study of the influence of engine power on engine climb performance (it also shows the top speed in
level flight, when Vz = 0) :

@ Plane polar diagrams - m} X
Planc polars Comparison: | Load || Save || Clear | Notes | Template: [] Auto Template
Plane file name Analysis Rho (kg/dm3) | CG pos(mm) | Wing MAC | Wing ref. area | Tail ref. area Fin ref. area Fuseref. area | Tail volume
®1 | 0PlaneMotorxml | MotorClimb 1.0 kg, TMP : 10V 10A 86" 7110pm 1.200 110031.5%) |2042 12.00 4350 1.88 3.9 0622
®2 | _0PlaneMotorxml | MoterClimb 1.0 kg, 1MP : 10V 20A 9"x6" 899dipm 1.200 10.0(31.5%) |2042 12.00 430 1.88 3.96 0622
®3 | _0PlaneMotorxml | MotorClimb 1.0 kg, 1MP : 10V 30A 9'x6" 10322rpm 1.200 1100315%) 2042 12.00 450 1.88 3.96 0622
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