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Welcome

Summary

In this tutorial, a simple Unmanned Aerial Vehicle (UAV)will be designedfor a given mission to
familiarizewith the basicstepsof modelling,analysisand optimizationin AeolusASP

Prerequisites
A AeolusASF3.11
A Quick Startutorial recommended
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ProductRequirements

In this example, the objective is to design an UA\G&ral mappingandwildlife protection with high
aerodynamic efficiency for low energy consumption and long range.

The design shall be based on the following top level requirements:

Mass and Dimensions
A Takeoff mass  6kg
A Max span 1.5m

Mission

A Cruise speed 30 m's

A Cruisealtitude 1000 mMSL
A Longesrangepossibe

Flight mechanics
A Staticlongitudinalstability =~ margin 2% 4%
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Airfoil 2032C
i, Model
-3 Wings 0.40
=y, Wing 0
g Geometry
0.35 |
(== Flaps
-4 Discretization
QL Flight Condition 0.30
[ Computation
i@ optimization
L1\ Parameter study 0.25 1
Check
Results 0.20 |
[mm— iy
Number of airfails in the cataloguer 0.15
2032C v < >
0.10
4
0 1.00000 0.00000 ~
1 0.95000 00440 0.05
2 0.80000 W00
3 0.80000 0.0:
4 0.70000 0.0286 ro0.00
5 0.60000 0.03500
6 0.50000 0.03860
7 0.40000 0.03850 -0.05 {
El 0.30000 0.03330
9 0.25000 0.02820
10 0.20000 0.02170 . a . A
11 0.15000 0.01450 CA CA
12 0.10000 0.00680
13 0.07500 0.00280
14 0.05000 -0.00100
15 0.02500 -0.00420 O . . .
18 0.01250 -0.00500
17 0.00000 0.00000
-
18 0.01250 0.01930 . . . . . .
18 0.02500 0.03170
20 0.05000 0.05130
21 0.07500 0.06840
22 0.10000 0.07800 . .
23 0.15000 0.09340
24 0.20000 0.10130
25 0.25000 0.10440 —
26 0.30000 0.10480
27 0.40000 0.10020
28 0.50000 0.09050 -0.40 H H . - = = =
= 0.60000 0.07710 -0.05 0.00 0.05 010 0.15 020 025 0.30 0.35 055 060 065 070 075 0.80 0.85 090 095 1.00 1.05
30 0.70000 0.06100 v

Additional airfois can be imported through the Airfoil Import Manager
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File Run View Plot _ Legend
= | (5. LN o @ Ek
Select the NACA4415 Airfoil NACA4415
=] :;( Wings . .
RSl for the main wing
i<=e Flaps
&% Discretization
-, Flight Condition
- Computation
i@ optimization
L[ Parameter study 0.25
Check
%RESU\E 0.20
ﬁnberefawfoilsinmacam\ogue: 1140 0.15
NACA4415 ~ < >
0.10 4
3 14
0 1.00000 ~
1 5 -0.00011 0.05
2 0.99572 -0.00042
3 0.99039 -0.00092
4 0.98296 -0.00156 hr 0.00
5 0.97347 -0.00227
5 0.96194 -0.00297
7 0.94844 -0.00364 -0.05 /
] 0.93301 -0.00431
9 0.91573 -0.00502
10 0.89668 -0.00583 -0 O
11 0.87592 -0.00674
12 0.85355 -0.00775
The relatively large nose
radius typically provides The flatbottom sidefacilitates
good stall characteristics manufacturing
;2 E:Z‘;;: jg;z:g 70.40—0.05 0.00 0.65 0..lﬂ 0.15 0.20 0.25 0.30 0.‘3‘5 0.;10 045 O.ISO O.ISS 0.60 0.65 0.70 0.75 0.‘80 0.‘85 0.90 0.95 1.60 1.05
30 0.30866 -0.03700 v E

Additional airfois can be imported through the Airfoil Import Manager

-#- Definition
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(== Flaps
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-, Fiight Condition

[ Computation

i@ optimization

L[ Parameter study

Check
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Utiity Colors Legend

{ St SO0 4aDS2YSE
By Je i EI

modelling the main wing.

In this example, only 2
sections are required. You
can remove the '3 section

Fosition
Origin {x,y,2) 0.0 0.0
Reference chord 50| %

Characteristic parameters
span 1000401 m
projected area 1.2508+01 m*
wetted area 2.550e+01 m?

mean aerodynamic chord 1331e+00 m

aspect ratio 8.000e+00
settings

Chord perpendicular to @span Oy

Wing sections
Airfoil
NACAB3512

Chord ...

50s ...
Mo.0

Sec...

NACAG3612 v |20

Twist ...

0.0

of the default wing here. .

Dinedr...

Sweep...

0.0

NACA63512 ~ ‘5.0 ‘0.6
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= Airfoil Catalogue

i, Model

-3 Wings

=y, Wing 0

g Geometry
(== Flaps
-4 Discretization

i} Fiight Condition

i~ Computation

i@ optimization

L[ Parameter study

{. Check

mde Results

Fosition
Origin {x,,2) 0.0 0.0 0.0

Reference chord 250 %

e both sections

span 4.000e+00 m
projected area 6.200e+00 m?
wetted area 1.280e+01 m*
mean aerodynamic chord L551+00 m
aspect ratio 2.5818+00

settings
Chord perpendicular to (@ span

Wing sections

Twist... Sweep...

Plot Utiity Colors Legend

HOC Por XA sk 1AF R QM LNy yBEY -« Je QERYT [ I

Apply the NACA4415 to
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The total span must not exceed 1.5m. So After changing the

& we can set the halépan to 0.75m. geometry you may
_ . . A want to fit the view

' 2 || FTANRU U0USauiuzxz

[ both sections.

uuuuuuuu

Chord perpendicular to

Wing sections

Note: The wing is symmetric.
Section 0O is at the wing root
Section 1 is at the rightand
side wing tip.




Initial Design

Main requirements of a horizontal tail plane (HTP)

- Provide aerodynamic forces to ensure static and dynamic longitudinal stability
- Pitch control for manoeuvres

- Trim for steady flight at different speeds

Positioning of the HTP:

X: Typically, the HTP is located downstream of the main wing at a distance5@R4®f the wing
span. With a wing span of 1.5 m we can assume x= 0.7 m.

Y: Use y= 0 for a symmetric aircraft

Z. The HTP should be at a sufficiently highozition to avoid turbulences from the propeller
hitting the HTP and causing vibratioAssume z= 0.2 m.

Surface and aspectratid: & | NHz S 2F (KdzyYo3X I &4&dz0.83maimyvien2of
the aircraft stall characteristics, the HTP must stall later than the main wing. Therefore, the aspect ratio
should be smaller than the aspect ratio of the main wing.

Airfoil: The HTP must be able to provide positive and negative lift forces. Symmetric adcisgshe
NACAO0012 are preferred as they provide good stall characteristics for p@sitiveegativeangles of
attack.




Initial Design

. Aeolus - Aero Sketch Pad V3.10: 3
Quick Start File Import Export Run View Plot Utility Settings Help

Fie View Plot Utiity Colors Legend

Run
— o o o 4
BS9S pk v Jo QARRW EE
a a aYgda
= airfoil Catalogue CA . @, @, @ . . . . @
i, Model
S &
Zh, Wing 0 /) a © C v JOAS
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= Airfoil Catalogue

i, Model
-3 Wings

e, For convenience, rename the
new wing to HTP

| g Disretization
£y HTP
1--¢? Geometry
= Flaps

£ Discretization
i}, Fiight Condition
) Computation

£ Picka Color

Swatches Hsv HSL RGB CMYK

Each new wing gets a random
color. Click here to pick your
preferred color.
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File

iy, Wing 0
i-¢ Geometry
=== Flaps

i-4% Discretization
=y, Wing 1

o]

i == Flaps

£ Discretization
{.. Flight Condition

£ Computation
@ Optimization
[\ Parameter study
1. Check
foke Results
Position / ~
Origin (X,y,2) 0.7 0.0 0.2
Reference chord 250] %
Characteristic parameters
span 1.500e+00 m
projected area 3.000e-01 m2
wetted area 6.191e-01 m?
mean aerodynamic chord 2.000e-01 m
aspect ratio 7.500e+00
Settings
Chord perpendicular to @span Oy
Wing sections
Sec... Airfoil S-posm] Chord... Twista... Sweep... Dihedr...
0 !NACAMIS v Io.o ’D.Z ‘D.O |u.u ]o.o
1 lNACAMlS v |o.75 io,z ‘0,0 |

Utiity Colors Legend

HSC Pk Xrubl daF Rl VElAy yEEY - Je QRBY F I

{ St SOG G K SNodeDbf

the HTP

OYUSNI AuQa L2
X=0.7m

Y=0m

Z=0.2m
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Fil

Plot Utiity olors Legend
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= Airfoil Catalogue

i, Model

-3 Wings
(-, Wing 0
i g Geometry
. -=xFlaps

-y HTP
e |

.- Flaps

i}, Fiight Condition

| B4 Discretization

& Discretization

Apply the NACAO0012 Airfoil to
both HTP sections.

Now, span and chord can b€

Settings
Chord perpendicular

Wing sections

changed to reasonable
values:
Soen Semispan: 0.2 m

P Root chord: 0.1 m
Tip chord: 0.05 m

0.76
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= Airfoil Catalogue

i, Model

-3 Wings

(-, Wing 0

i g Geometry

Fil

We have defined span and
| sz chord dimensions such that:

£y HIP

- ¢KS 1 ¢t Qa LINR2SOGSR

[ Computaton A 0 A
@ opmaen area Is 00 € main
|, Parameter study

1. Check -
X wing

A

¢CKS | ¢t Qa

Origin (4,y,2) 0.7 0.0

R me smaller than the main
Characteristic parameters P

7 d d

- gAYy 3IQa | allS

projected area 3,000-02 m*

wetted area 6.119e-02 m*

mean aerodynamic chord 7.777%02 m

aspect ratio 5.333e400

Settings

Chord perpendicular to @span Oy ?

Wing sections

Sect... Airfol Spos ] Chord [m] Twito... Sweep... Dihedr...

] |NACA0012 v |0‘0 ‘0.1 |0‘0 ‘o.o |0‘0 | + | _‘

1 |NACAUUIZ v |U‘2 ‘U.Uﬁ |U‘U | | + | —‘

0.76
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= Airfoil Catalogue
i, Model
-3 Wings
(-, Wing 0
i g Geometry
. -=xFlaps
| B4 Discretization
By HTP
2
= Flaps
)&% Discretization
i}, Fiight Condition
) Computation
@) Optimization
|, Parameter study
1. Check
ke Results

Position

Reference chord

Characteristic parameters

The sweep angle is @nd

span 4,0006-01 m
projected area 3,000-02 m* 0
e e refers to 25% chord
.
mean aerodynamic chord 7.777%02 m
aspect ratio 5.333e400
Settings
Chord perpendicular to @span Oy
Wing sections
Sect... Airfol Spos ] Chord [m] Twito... Sweep... Dihedr...
] |NACA0012 v |0‘0 ‘0.1 |0‘0 ‘o.o |0‘0 | + | _‘
1 |NACAUU].2 v |U‘2 ‘U.Uﬁ |U‘U ‘ | | | — ‘

| dZNNBy Gt ez GK
edge is kinked, due to the
taper.
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= Airfoil Catalogue

i, Model

-3 Wings

(-, Wing 0

i g Geometry

Fil

(== Flaps
| B4 Discretization
£y HTP

1--¢? Geometry

Finally, we want to make the
o 2 trailing edge straight to install a

i}, Fiight Condition
) Computation = H

@) Optimization Sln |e Ialn fla

|, Parameter study g p p -
i. Check
ke Results

Therefore, set the reference
chord position to 100% (trailing

span 4.0006-01 m
projected area 3.000e-02 m?
wetted area 6.119e-02 m?
mean aerodynamic chord 7.777e-02 m
aspect ratio 5.3332400
Settings
Chord perpendicular to @span Oy
Wing sections
Sect... Airfoil S-pos[m] Chord [m] Twisto... Sweep... Di
0 |NACA0012 - |0‘0 ‘0.1 |0‘0 ‘0.0
1 |NACAUU].2 - |u‘z ‘0.05 |u‘u ‘

0.75
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== Airfoil Catalogue
I, Madel
:_( Wings
=3 Iy, Wing 0
. g Geometry
i lecxFlaps
i [ Discretization

e You have completed the initial
geometry definition.

& Discretization
.. Flight Condition
] Computation
@) Ontimization
-{ . Parameter study
i Check
mde Results

Continue with the next node
A  Cf A JK(G / 2 Y RA ¥

Reference chord 100 %
ER— tree
span 4.000e-01 m
projected area 3.000e-02 m2
wetted area 6.119e-02 m?
mean aerodynamic chord 7.777e-02 m
aspect ratio 5.333e+00
Settings
Chord perpendicular to @span Oy
Wing sections
Sect... Airfoi S-pos[m] Chord [m] Twista... Sweep... Dihedr..
o |NACADD12 - |u‘u ‘0.1 |u‘u ‘n.n |u‘u | + | -— ‘
1 |NACA00]2 ~ |O 2 ‘0.05 |n 0 ‘ | | + | Ll ‘




Initial Design

Which flight condition should be modeled?

There is a number of different flight conditions at which the aircraft should be analysed in view of
performance and stability. For example

- Cruise

- Takeoff and landing
- Maneuvers

- Loiter

In this tutorial, the defined mission is aerial mapping. We can expect that the aircraft will be operated ir
ONMXzA 8S FfA3IKG Yzad 2F GKS dGAYSET FyR OKFG GKS |
characteristics.

So it is a good starting point to tailor the global wing dimensions to this primary condition in a first step.
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%m‘\cmm Flight condition
3 Wings 15,000
- ving 0 14,500

g Geometry
1= Flaps
& Discretization
S, HTP
lgf Geometry
- Flaps

13,500
[~ Discretization

Enter the cruise flight
e Fricht Corciion
Slrsste parameters:

-{ . Parameter study

Check
Resuits

Target Lift

14,000

o Aircraft weight:
. c 13 F Ppody mYKAE

Target ift 58906401 [N oo

Dynamic Pressure

Fluid Air ~
T Cruise speed: 30m/s
Altitude 1000.0 ml
Density 1.111e+00 [ka/m?]
Dynamic pressure 4,9982+02 [Pa]
Estimation of Lift Coeffident and Mach Number A | t I t u d e = 1 0 O O m ( M S L)
a 0.3571 [E] .
Ma 0088 []
Viscous Drag
Dynamic viscosity 1.762e-05 [Pas]
Kinematic viscosity 1.586e-05 [m3/s]

Reynolds number min 9.707e+04 [

Reyroldsnumber max  3.783e405  [] - g g g g - g - v g G g G g : ; - : - - : : - - g g - : : - '
o] El 10 15 20 25 30 3% 40 45 50 55 €0 €5 YO Y5 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150
Viscous drag coefficient 0005 [ True speed [m/s]

(refers to wetted area) P

| K Flight condition — Lift coefficient — Mach number
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%m"ﬁa‘a“m Flight condition
:_( Wings 15,000
Q\angn 14,500
. g Geometry
e Flaps 14,000
% Discretization 13,500
S, HTP 5
lgf Geometry 13,000
.-« Flaps 12,500
- Discretization 15,000
o R :
] Computation 11,500
@ optimization 11,000
-{ . Parameter study
il 10,500
Results 10,000
9,500
Target Lift
9,000
Arcraft weight ) 5500 0
= 0 0
Load factor H .E. 8,000 06 g
Target ift 5.890e+01 ™ ﬁ 7,500 A 0 0ol
Dynanic Pressure & 7.000
<
Fluid Ar ~ 6,500
6,000
True speed [mis] < 00
Altitude ml SJOOO i
Density Lille+0  Kkajm?]
Bz 25982402 [Pal Th VI d r g ffl I n
Estimation of Lift Coefficient and Mach Number e S CO u S a CO e C e
i d d the airfoil and th
epends on tne alrtoll an e
Ma 0.089 [
Reynolds number (see next
Dynamic viscosity 176205  [Pas]
Kinematic viscosity 1.586e-05  [ms] I H d )
Reynoldsrumbermin ~ 9.707e404 [ S I e
Reynelds number max 3783405 [ - 5 5 g g - - = s s = = g o o g g g g d
55 eo €5 Y0 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150
rszus:"aﬂ :ﬁuan)t H True speed [m/s]
refers to wetted areal
| K Flight condition — Lift coefficient — Mach number




Initial Design

The total aircraft dra® is comprised of induced drdd and viscous dra@®
0 0 0O
Induced drag is calculated automatically in Aeolus ASP, whereas viscous drag is very difficult to predic

with numerical methods and is therefore mostly based on experimental data. These data typically have
the form of coefficients for viscous drag;  and allow the computation of the viscous drag force

from
O nNY Or &
or
O nNY Or i
with
N dynamic pressure
Y wetted wing area
Y projected wing area
Or & viscous drag coefficient, refers to the wetted wing area
Ofr & viscous drag coefficient, refers to the projected wing area




Initial Design

In Aeolus ASP, the coefficiedt;  Ydzad ©6S LINPOGARSR | a |y Ay Lz

The default value is 0.005, which is a fairly good estimation for the mostvirnegl UAV cases.

Viscous Drag
Dynamic viscosity 1.792e-05 [Pas]
Kinematic viscosity 1.483e-05 [m2/s]
Reynolds number min 1.038e+05 [

Viscous drag coefficient
(refers to wetted area)

However, let us see how more reliable data can be found. Note&hat ; mainly depends on
- the Reynolds numberyY Qand
- the airfoll
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Plot the Reynolds

File

=/ EAOL 2y -
Il node to go back to the §
3D view

2.100e+05

1.8008+05

1.5008+05

1.2008+05

9.707e+04

= w‘( numbers by clicking on
9 Pk X2kl A7F R QM DELINFYE

Wax 3.7832e+05
Win: 9.7068e+04

3.783e+05
|3.BUUE+D5
e+

s the ReButton

wSIFR wSFnnnk
main wing.
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Airfoil data sheets are available from various online sources, suctipa8 airfoiltools.com
{ SIFNOK F2NJ b! /! nnmp kbRifoikddsdbnBifoildeinairtéihadedid. 2 A RS G |

Airfoil database search
Search the 1636 airfoils available in the databases filtering by name, thickness and camber. Click on an airfoil image to display a larger
preview picture. There are links to the original airfoil source and dat file and the details page with polar diagrams for a range of Reynolds
numbers.
—
Text sear@CA4415 ) | Opfional
Maximum thickness(%) — Optional
Minimurm thickness{%) | | Opticnal
Maximum camber{%]) | | Optional. Symmetrical airfoils =0
Minimum camber{%) | | Opfional
Group  [All ~
Sort [Key(atoz) V|
Investment Casting OEM - Manufacturers To Custom Made
[ Inve nt Casting Manufacturera To Customn Made, Good Quality
(nacad415-i) NACA 4415 %
AifailTaels. com o o
NACA 4415 sirfoil Add lo comparisan
Max thickness 15% at 30.9% chord Lednicer farmat dat fle
Max camber 4% at 40.2% chord Selig format dat file
Source UILC Airfoil Coordinstes Distsbase Source dat file
NACH 4415
Page 1 of 1



http://airfoiltools.com/
http://airfoiltools.com/airfoil/details?airfoil=naca4415-il

Initial Design

We are now looking for curves with Re = 400,000 @nd  wassuming a clean wing surface.

Set Reynolds number and Mcrit range Low High
Reynolds Murnber
et -] [z -]
The required coefficiend ; ;  can be approximated from the value of Cd at CI=0 as shown below:
ClvCd
1.50 B
V7o Re NKkrit
.00 , P recetis 200.000 B

|/ P& racesisi 500,000 g

v h
BOR TBITT W




_______----Illllllllll...lll.ll..ll
Initial Design

From the results

¢

6ﬁ B T8tp v

¢

0 - T3 TT W
we can approximate a value for Re = 400,000, which is:

6 & 8 p p

b2GST GKIG GKS AYRSE dGLINR2¢ A& FRRSR (G2 RATTSI
projected area, from the Aeolus ASP coefficient  , which must refer to the wetted area. The

A ~ Ve ~ ~ y 4 ~ Ve Ve A ~ y

O2y OSNBRA2Y FTNRBY GLNR2SOGSRe(2 aoSiiSReE OFy St ¢
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%ﬁ;ijﬁ"f““’g“* Flight condition
= “ Wings 15,000

Wing 0 14,500

g Geometry
1= Flaps 14,000
H -4 Discretization 13,500
£y HTP 3
g Geometry 13,000
{ox Flaps 12,500
% Discretization 12,000
L, Fiight Condition
) Computation 11,500
@) Optimization 11,000
|, Parameter study
e 10,500
}* Results 10,000
Target Lift =500

9,000

Aircraft weight M 8,500
0

E o]
Load factor M E 8,000 /
Target ift 5.890e+01 ™ g 7,500 o

o
Dynamic Pressure i 7.000

< 6500
Fluid Air ~

6,000

b d
e e o

Altitude Im]

Density L1400 [kgjm?]

e e ™ Final |y, enter

Estimation of Lift Coeffient and Mach Number

¢ 0.0055 here

5,000

Ma 0089 [
Viscous Drag

Dynamic viscosity 1762805 [Pas]

Kinematic viscosity 1586205 [mfs]

Reynolds number min 9.707e404  []

Reynolds number max  3.783e+05 : - s s - s s : : - : : : : : : : = = : : : : !
35 40 45 50 55 60 65 7O 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150
Viscous drag coeffident H True speed [m/s]

(refers to wetted area)

| b 4 Flight condition — Lift coefficient — Mach number
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Fil
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Plot Utiity Legend

{== airfoll Catalogue

{d; Model

-3 Wings

=My, Wing 0
g Geometry
= Flaps

=L NG
¢ Geometry
e Flzps

QL Flight Condition
-CJ Computation
(@) Optimization

[ Parameter study
Check

~# cdiacm)
» Cm{ACK)
# Lift-to-Drag(v,h)
@ cdicl)

4 Discretization

4 Discretization

Pressure coe fficient
Max; 9.9997e-01
Min: -8.2335e-01

Run”fhe analysis
by clicking here

Flight condition

A0A

Force x

Force y

The surface pressure plot can now be
inspected in view of mesh quality. Here it
shows high pressure gradients close to the
wing tip.

High gradients typically require a denser
mesh, so let us increase the mesh densit
Fd 0KS gAy3a GALAX
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File

HSC Pk XA

Al A FF R L 0F

P
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The static margin is 1.3%.
Our target is at least 2%.

In view of static stability, you can plot
the aerodynamic center (=neutral
point) and the center of pressure
(=center of gravity) here.

AC and CoP are plotted for
each wing (small) and for the
entire aircraft (large)
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Note: you will always find AC and CoF
in the xy-plane. That is, they might be
inside the wing, just as it is in this
example. If required, toggle on
GoANBTNI YSE OASS




