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Alrcraft Design

Aircraft Design is a complex process, articulated in many different
stages spread over time and related between variously.
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The preliminary/conceptual design is intended as an objective
determination of the main geometric parameters, aerodynamic,
structural, propulsion, stability and control characteristics useful to
the initial definition of the new project, starting from the knowledge
of the mission specifics.
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Aircraft Design and Analysis Software
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AVAY 10

Aircraft Design and Analysis Software

A Software for the conceptual/preliminary design of transport
alrcraft (Transport Jet, regional TBP, business jet) and light aircraft

Written in VISUAL BASIC (80 form x 1000 Average code lines)
User Friendly GUI and useble on any Microsoft Windows Platform
Indipendent calculation modules

txt Output Files

Valid for Teaching and Professional applications

Development started 2005

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011
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% ADAS Program - New Project - [Main Menu]
File 7

General Sizing Airplane Data
WS Ig Ib/ft"2
Number of Engine

TAw ||] Iblb

5 | "2 [o.00 m"2

T |o.o b o0 kg

AR Io_
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ADAS Flow Chart

Mission Specification

ADAS 1.0
v v v v
Weight Estimation || Sizing Requirements Wing Analysis Fuselage
v
Performance Evaluation | [~~~ »  High-Lift Aileron
Devices Design

Nacelle Sizing

A
A

A

Stability And Control

Airplane Drag Polar

/

T~

Weight & Balance

Payload-Range
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Mission Specification

ADAS 1.0

A 4

Weight Estimation

Sizing Requirements

\ 4

Wing Analysis

A 4

Fuselage

\ 4

Nacelle Sizing

Airplane Drag Polar < High-Lift Devices/Aileron Design aE
A |
___________ G ooy
——————— -+
Performance Evaluation > Stability And Control
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ADAS Modules

- Weight Estimation:
FUEL FRACTION METHOD

Mission Profile: & LOI\TE R
=3

CRUISE

T DDeEsSCceENT

cLiMB

FLY TO ALTERNATE L——=
AND DESCEND

! { T TAKE - OFF

TAXI LANDING , TAX |, SHUTDOWA \

ENGINE START AND WARMUP

For any phase is possible to evaluate the fuel fraction: Wend

W

start
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ADAS Modules Example of results:

16000

Il OEW 56.0%
. Trapped Fuel and Oil Weight 4.6%
B Crew Weight 2.5%
MIFVY 26.8%
W Favioad 10.0%

M (ko)
I (=]

P

7

— /
d

e

Used Fuel Weight

Resene Fuel YWeight L

4000 £000 8000 10000
EW [Ibs]

Trapped Fuel and Oil Weight L
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ADAS Modules
- Sizing Requirements:

In this module will be estabilished the Design Point. That is very
Important for the next Modules as here shown:

SIZING |

L L 1
— =

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011 10
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ADAS Modules
- Sizing Requirements:

The method choosed for this module is the classical use of the FAR
23 and FAR 25, as shown by Roskam:

INPUT <

=
=

OUTPUT

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011 11
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ADAS Modules

- Sizing Requirements:

The Restrictions for the two type of FAR are summarized below:

DR R DT " :\A 5
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)
1
)
1
]
)
1

(WISHto [psf]

Stall Speed (clean)
Stall Speed (landing)
—— Takeoff - CLmax1
=== Takeoff - CLmax2
e Takeoff - CLmax3
=== Landing - CLmax1
=== Landing - CLmax2
e Landing - CLmax3
= FAR23.65 (1)
~== FAR23.65 (2)
* + + FAR23.67
== FAR23.77
Climb rate or Ceiling
Climb gradient
Time to climb
— CrliSe

Propeller
Aircraft

(TA)to

2%
W
v
na

Ea . S e

P ===~ L

DO O O O D

(WiS)to [psf]

Jet Aircraft

Stall Speed (clean)
Stall Speed (landing)
=== Takeoff - CLmax1
=== Takeoff - CLmax2
senr Takeoff - CLmax3
—— Landing - CLmax1
=== | anding - CLmax2
==s+ Landing - CLmax3
—— FAR25.111
== FAR25.121(1)
=== FAR23.121(2)
+ ++ FAR23.121(3)
=== FAR23.119
== FAR23.121(4)
Climb rate or Ceiling
Time to climh
— Criise
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ADAS Modules

- Sizing Requirements:

In ADAS all Data must be insert in Tabs. First choise is the FAR then there is
one Tab for each Flight Condition, here FAR 25 JET is shown:

st ADAS Program - A320 - [Preliminary Sizing]

File ¥

FAR 23 - Propeller Aircraft

FAR 23 - Jet Aircraft FAR 25 - Propeller Aircraft

FAR 25 - Jet Aircraft

Take-Off distance requirement 1

Take-Off distance requirement 2

Landing Distance T Climb Performance T Cruize Performance T Fiesults Comparizon T Chart

Altitude [ft] Distance type Distance [ft]

ol v 645

Take-0Off distance requirement 3

S

ol v 645

6451

RUNWAY STOPWAY

STOP
‘ DISTANCE
LIFT-OFF

e—— DISTANCE —-—‘
ENGINE FAILORE -/
L T

TAKE-OFF FIELD LENGTH
TOFL

Main Meni Calculator

Unit Converter 1SA
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ADAS Modules

- Sizing Requirements:

In ADAS all Data must be insert in Tabs. First choise is the FAR then there is

one Tab for each Flight Condition, here FAR 25 JET is shown:

‘st ADAS Program - A320 - [Preli

File 7

FAR 23 - Propeller Aircraft

FAR 23 - Jet Aircraft

FAR 25 - Propeller Aircraft FAR 25 - Jet Aircraft

Stall Speed 1

Take-0ff Distance

[

Landing Distance T T Ciuize Performance T Fiezults Comparison T Chart

Aircraft Category
MTOW [Ib]

Swet [ft"2]

Eq. Friction Coefficient
Eq. Parasite Area [ft™2]
[w/5) [Ib/F"2]

Wing Area 5 [[t*2]
Wing Aspect Ratio AR

Wing Span [ft]

Tranzport jet -

160223

Wing ALE [deg] [Ex. 30) [ 2]

FAR 25.111 - [DEI - Gear up - Takeoff flap - Takeoff Thurst or Power - Ground effect - Altitude=5L])

CDo clean configuration
DOswald Factor - e
DCDo TO flap config. 0.013 -
DOswald Factor - e
DCDo L Hap config.
DOswald Factor - e
DCDo gear down
DCDo DEI

FAR 25121 - [OEI - Gear down - Takeoff flap - Takeoff Thrust or Power - Ground Effect - Altitude=5L])

FAR 25.121 - [DEI - Gear up - Takeolf flap - Takeoff Thrust or Power - Altitude=5L]

FAR 25121 - [OEI - Gear up - no flap - Max continuous thrust or power - Altitude=5L]

FAR 25.119 - [AED - Gear down - Landing flap - Max landing weight - Altitude=5L]

FAR 25121 - [OEI - Gear down - Approach flap - Takeoff thrust or power - Max landing weight - Altitude=51])

Engines

Flap

CLmaz clean configuration

ClLmaz TO configuration

CLmaz L configuration

Wland/ Wto

Tmax continuous/Tto
[sugg. D.94)

Tto{50°F)/Tto (sugg. 0.80)
Mumber of Engines

M Requirement - Cimb Rate or Celing At [ e i Y
Al ] Time [min] Ceiling [ft]

Requirement - Time to climb

BT BT TR TS
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ADAS Modules
- Sizing Requirements:

In ADAS all Data must be insert in Tabs. First choise is the FAR then there is
one Tab for each Flight Condition, here FAR 25 JET is shown:

st ADAS Program - A320 - [Preliminary Sizing]
File 7

FAR 23 - Propeller Aircraft FAR 23 - Jet Aircraft FAR 25 - Propeller Aircraft FAR 25 - Jet Aircraft

Stal Speed T T ake-0ff Distance T Landing Distance T Climb Perfarmance T T Reszults Comparizan T Chart

Cruise speed requirementmi T T T T T
. ST TTH fRage
Altitude [f] o8 ! i 27 - 025 ﬂ_
tach - - - - il 1
0.81
95
0.a1
L0183

« -

Cruise Speed Type

lacn -]
Cruise Speed
|95
_———
T

Wing Aspect Ratio AR

7171

Oswald factor-e _
CDo clean configuration 0.018

Wecruise [Ib]

/7

&4 AT D AT A
INFiF AT &Y ATl

(5l

TVl

i

ala ]

Wing Area S [ft"2]

o.
[ A (Wfelfeus A= (thedy
Airfoil mean thickness ratio tfc
[%] (Ex. 10.0) E
¥¥ing angle of sweep [deq]

{Ex. 30) A

Mcc

DCDo compressibility

Throtile Setting [*%:] ¢ 100
Tcond/Tto 0.242 ikLH
ol T BN NE S
o.80 o.an [aR-Ta} 005 1.00 LOD 1.0

a7
Wcond/Wto RATIOOF FREE-STREAM MACH MUMBER TO CREST CRITICAL MACH HUMDER,
o/ Mee

Main Meni Calculator Unit Converter ISA
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ADAS Modules
- Sizing Requirements:

VWeenuaddl o icith dadidl e begui exrierats nveHbbalsmayed some similar
aircraft from a Database to compare:

st ADAS Program - A320 - [Preliminary Sizing]

File 7

FAR 23 - Propeller Aircraft FAR 23 - Jet Aircraft F&F 25 - Propeller &ircraft FAR 25 - Jet Aircraft
Stall Speed T Take-0ff Distance T Landing Distance T Climb Performance T Cruize Perfomance T Fiesultz Comparizon T

Stall Speed (clean)
Stall Speed (landing)
= Takeoff 1
=== Takeoff 2
===== Takeoff 3
= | anding 1
Landing 2
Landing 3
25.111 CLIMB (init.seqg)
25121 CLIMB (trans.seq)
25.121 CLIMB (2nd seq)
25121 CLIMB (en.route)
= 25.119 BALK LAND AEO
=== 25121 BALK LAND OEI
Climb rate or Ceiling

.

b3

I R

Time to climb

— Cruise

== Airbus A320
—E Boeing 737400
=% Actual project

e T e T e e et [ Tt Rt

90 120 150
(WiS)to [psf]

Update Chart

Main Meni Calculator Unit Converter ISA
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ADAS Modules

- Wing Analysis:
This module allow to design and analyze any type of wings.
The first step is to decide the Wing Planform:

J -
i

.& %. @
&
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ADAS Modules
- Wing Analysis:

Next step is to decide the aerodynamic and geometrical characteristics for the
representative sections of the wing :

Section | v/[b/21| Chard[m] | e [m] | Epsilon [T | Alpha 2l [7] | ®ac/c Crmac |Clalpha[1/]| Clmax bio | dwfc [%] CI*
1 ] 27 n -2 025 002 011 15| 012 26 11
2 nz 27 -1 -2 025 004 01 15| 009 26 1.1
3 1 1.59 07 -2 -3 025 -0.06 011 15| 009 26 11
Revnalds: Cd rin. turb. i Lam. Bucket Cdl Bucket k. fachar Crn 0.25c(CI=0] [ dCm 00258401 | CICrm 0256 n.l ] Cr 0.252(Clma;
m 2000000 0.006 na 0z 0.006 0.m -0.02 n 1

-0.04¢

This step can be done also automatically, by the command “Wing Planform
Easy Creator” that help the user to create:

- STRAIGHT TAPERED WING

- CRANKED WING

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011
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ADAS Modules

-Wing Analysis:
For Cranked wing the approach is sketched below:

Wing planform

Sw )
AR, — Equi\;:alent C <
Surface
A(:r /4 |
Aeg

X| e. root chord extension

Xt.e. root chord extension

Extension span

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011 19
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ADAS Modules

-Wing Analysis:

‘st ADAS Program - B737P - [Wing Planform]

Geometric Input Data

MTOW [kg]
Wwing Area [m~2]11
Wing Span [m] 34.2
Wing-Fusolage d/b

57000 @ ccction | w/b/21| Chord [m]

Epsion [*] | Alpha 2l [*]

Clalphal1/]

dydc [%]

: 105 0 B.23

-2

0

22

30.91 03 a8

011

22

1 1.36
0.1

Number of sections ﬁ & Cranked Wing

Output Data
Wing Area [m™2]
Aszpect Ratio

Taper Ratio = ctfer

Mean tfc wing [%]

Chord [m] [ y{bf2 Crank

chord [m] 4,00

Area [m~2]

Aspect Ratio - AR

Taper Ratio eq.

Sweep Angle c/4 eq. [deg]
Creq.

EXT LE % Cr

EXT TE % Cr

Tip Twist Angle [deg]
Airfoil Thickness tfc
Root t/c

Outer ¥ing t{c {const)
Profile Data *

Alpha z.1.

Xacfc
Cmac

Clalpha [1/deqg]

Cl max

dy/c [%]

-]

JHTTTTTT

Reynolds number

Cd min turbolent

Clo

Laminar Bucket
Cd0 Bucket

k Factor

Cm {CI=0)
dCm{dCl

Cl {Cm non linear)

Cm {Clmax)

* 2-D Aerodinamic data are assumed constant along wingspan

011

22

t Data
de o] [N Moch (NN

Lift Fuselage Effect on Drag

ag Diverg Mach E stimati

y/(b/2)

Calculate
Geometiy
[fixed sections]

Equivalent
Wing
Aerodynamic
Reszults
Final Aerod.

Results
Wing Analysis

Calculator
Unit Converter

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011
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ADAS Modules
- Wing Analysis:

y/(b72)

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011
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- Wing Analysis:
If required the correction for the presence of the fuselage is estimated
2-7-AR
C,= d - dc,/da
tan® A | (dC/da) L
- 4'72'2-AR2-(1—M2)2. e el 1.2 T e
C2-1-m?y L-m?) g e :
~ ~
\\\ ~. Total
W, N, A=31010
08 |~ ‘O\\ \. =
S~ N
| I nc\re\m _— Lift induced on body -
nwi;g\
04 due l?)’\\ .
Basic lift on crossflow
| exposed portions = B
of wing \\\\
" 1 ) | =
0 0.2 04 0.6 0.8 1.0
dib
EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011 22
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ADAS Modules

- Wing Analysis:
Here some skecth of results:
1.40
1.20
1.00
g} 0.80 1.40
§ 0.60 =
o , 1.00
/
/ 7 0.30
0.20 ,‘,’ CL wing
// 0.60
0.00 . o0
-5 0 5 10 s 20 ’
Alpha wing [deg] 0.20 /
' 4
0.00 /

-2 0 2 4 L] g 10 12 14 16
Alpha wing [deg]

== No Fuselage Effect = Fuselage Effect

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011
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ADAS Modules
- Wing Analysis:

A great help for the choise of CLmax is given by the secondary module called
Crest Critical and Drag Divergence Mach Estimation:

= —
U

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011 24
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ADAS Modules

- Wing Analysis:
A great help for the choise of CLmax is given by the secondary module called
Crest Critical and Drag Divergence Mach Estimation:

Crest Critical Mach Number Estimation

Input Data Output Data

Wing Area 2 e i
Load Factor n L, ,4 equivalent wing e (L] 500
Weight [kg] IEE] Aol [N hd c L300
Altitude [m] [ s
Mach ’W Egﬁﬁifillmlézlwes
CL max (M=0) [N

/\

I\

-

0.400 0.600
Mach

—— Mcc Barrier —— Alt=5000m —— Alt=9000m
*— Actual Point —— Alt=7000m = Mdiv Barrier

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011
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Geometric Input Data

MTOW [ka] | 72676
[ 121.2
[ 33.94
Wing-Fusolage d/b K]

Wing Area [m™2]1
Wing Span [m

Qutput Data
Wing Area [m™2]
Aszpect Ratio
Taper Hatio = ctfor

Mean tfc wing [X]

wAb/2) | Chord [m]

Epsilon [7]

Clalphal14]

dwlc [%]

Airfoils

0 E.552

0

01

24

03 4.345

1.5

01

24

11
Chord o] —

1 119

Wing Panel number 1
Panel Area [m™2]
Taper Ratio

Sweep Angle LE. [*]
Sweep Angle 0.25c [*]

Aerodynamic Results

Mo Fu e Effect
|:waing 1.00
l::L max wing 1.39

€\ o wing 1”1 INIIERE:

a, [1 [
90| max 'l 15.9
e 1 R

o wing

CH_1 [int. Cmac) [[ENITN]
CMW_2 [Aer twist] [IOKIE]T
0.0327

CMac wing

Fusels

s Factor

€\ o wing 1171 ININEE]

0| max 'l 15.4
. 'l 8.6

o wing

u factor [ A=0]) 0.970
u factor [A ) 0.979

5

X Le. mac [m]

011

2.4

Aerodynamic Input Data

357 CLa. formula  Altitude [m] [IEEFG]

EESE

6.46

Fuzelage Effect on Lift

Anderzon: Subsonic Swept \Wing Compressible

Mach 0.78

-

Fuzelage Effect on Drag

Crest Critical and Drag Divergence Mach E stimation

0.380

6 8 10 12
Alpha wing [deg]

== Mo Fuselage Effect == Fuselage Effect

paanpL &

Calculate
Geometry
[Fixed sectionsz]

E quivalent
ng

Aerodynamic
Results

Final Aerod.
Results

Wing Analysis

Calculator

Unit Converter

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011
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ADAS Modules
- Wing Analysis:

A more detailed analysis is possible after the Semiempirical calculation with
panels methods:

- Multhopp (for straight wing)

- Vortex Lattice (useful for Swept wing)
This methods allow us to calculate with a good approximation:

- Position of the Aerodynamic Centre
- CLmax with Stall Condition

- Structural Effect as Normal Force, Shear, Bending Moment and
Torsion

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011 27
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ADAS Modules - Wing Analysis:

‘st ADAS Program - A320 - [Wing Analysis]

File 7

Input Data
od
Multhopp Settings .
. eissinger Mumerical Results Gamma [v) Cl [y) Alpha induced (y) Cl max [v)
! [Swept wing)
Fuselage Effect on Lift

Aerodynamic Data

c=Cl [y)

Fuselage Effect on Drag

Lift. Drag and Mom

First Angle of Attack [*]
Last Angle of Attack [*]
Mumber of Angles !u

Stall Condition and Final

Shear Force Bending Moment Torsion Centre of Pressure | Centre of Pressure

Wing Planform Structural Data

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011 28
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ADAS Modules - Wing Analysis:

‘st. ADAS Program - A320 - [Wing Analysis]
File 7

Input Data
Method

& Multhopp CL (alpha)
Weissinger =
9 [Swept wing)

[d Fuselage Effect on Lift

[ Fuselage Effect on Drag

Al [T
First Angle of Attack [*] m

Last Angle of Attack [*] ﬂ
Mumber of Angles n!m

CL max [ENEE] % max |1 (linear) [IEEE

Wwing Planform

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011 29
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ADAS Modules - Wing Analysis:

'st. ADAS Program - A320
File 7

Input Data
M ethod
@ Multhopp CD (alpha) CL [CD)
Weissinger -
9 [Swept wing)
[ Fuselage Effect on Lift

e induced | CD=fCL*2)| Cmecs4

falpha) | Cmc/4(CL)| MachCL

[ Fuselage Effect on Drag

Fust Angle of Attack [*] m
Last Angle of Attack [*] ﬂ

Mumber of Angles u! m

Canditior atd Final B

10
Alpha wing [deg]

== No Fuselage Effect == Fuselage Effect
Stall Condition Chart

Final Aerodpnamic Results

o R ©, O UK - c-UEE S B e D
e |

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011
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ADAS Modules
- High Lift Devices:
For this module it’s used Semi-empirical approach combined by
Torenbeek and Roskam methods.
ACl,,
o AClO = a5n5C1a5f
LT 1”5
6 /
5 /
o/ 3 {.f‘sv
.
/
A4
o v
Clmax;
2 R,: .08
Clmax = (Clmax)5:0 +§AfCIO cim.-'533 Ay (W) +k {c£n+bf¢1¢ )
31
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ADAS Modules
- High Lift Devices:

For this module it’s used Semi-empirical approach combined by
Torenbeek and Roskam methods.

- From 2D calculation to 3D
ACL,:

e [

7 8 9 10
ASPECT RATIO

ACLmax: o
A.C =O.92AfCImaX?WfCOSAC,4

L max

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011
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ADAS Modules
- High Lift Devices:

For this module it’s used Semi-empirical approach combined by
Torenbeek and Roskam methods.

- From 2D calculation to 3D

- Flap Type used:

* Plain

« Single Slot
* Fowler

e Double Slot

- Slat Type:

* Leading-Edge Plain Flap
« Slat
 Krouger Flap

- Take Off and Landing are individually saved
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ADAS Modules

ADAS Program - A320 - [High - Lift Devices]

- High Lift Devices:

File 7
Wing Data Aerodynamic Results
v/ (bf2]
All Retracted

Wing Area [m™2] 121.24 2 500 oL
Wing Span [m] 3394 2.000
MAC [m] 419

1.500
Aspect Ratio 9501

CL

Taper Ratio 3 0.182 1000
Sweep Angle Ac/d [Deg] [232

0.500
Root Chord  [m] [ /

- 0.000
Wing-Fuselage d/b 0.100 -10.0 00 10.0 200 S
Cranked v flone foedl
. Fuszelage
Crank Station [y/b/2) 0.3
== Flap+Slat Deflected == All Retracted

Trailing Edge Flap
ﬂ + Torenbesk G-15a

Leading Edge Slat

Mumerical B esults

CLmax Complete Airplane [Hor. Tail corr]

= =
Flaps Number |2 = ~ AChnas=2/3A Slats Number 2 =
Ary o |0.562 § §
Flap1 Flap 2 Slat 1 Slat 2 N 2 2
. | : Act0 |-6.36 - — —
CHlap/C 03 Cslat/C 015 Cloe f0.088 T a a
Flap Type: | tte.d | Flap Type: st | Torerbeek G-15a A cpo B Acm B0
0_35 o o o
Inner Position [y/bf2) 011 Inner Position [p/bf2) 0.3 ACLmax = 0.mz o -0.312 o
Duter Position [y/b/2) 03 Duter Position (y/b#2) 095 Clmax 1237 | [ — —
uter Position uter Position [7)] [4] [4]
0.3 0.95 o g oy
B[ 15 — — -
Afimax=2/38Cla | 0 0
E 9 9
Use Flaps Use Slats AL max .95 "~ "~ |~ )
) Clmax 2-47
Load Take Off Data Calculator Unit Converter Calculate -> I I I
Load Landing Data ‘ Main Meni ISA | Save As.. Take Off Sawve As.. Landing
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ADAS Modules

- High Lift Devices:

ADAS Program - A320 - [High - Lift Devices]

File 7
Wing Data Aerodynamic Results
f[b/2
¥ [_._. . All Retracted
Wing Area [m™2] [121.24 2500 Lot
Wing Span [m] 33.94 2.000
MAC [m] 419
- 1.500
Azpect Ratio 9.501
CL
Taper Batio A 0.182 1.000
Sweep Angle Ac/4 [Ded] (232
0.500
Root Chord [m] E.5 /
- 0.000
Wing-Fuselage d/b 0.100 -10.0 0.0 10.0 200 30.0
Cranked 2 fiphalceq]
. Fuszelage
Crank Station [y/b/2) 0.3
== Flap+Siat Deflected == All Retracted
Trailing Edge Flap Leading Edge Slat

ﬂ + Torenbesk G-15a

Numerical Results CLmax Complete Airplane [Hor. Tail corr)

- | - |
Flapz Humber |2 = ~ AChnane2r3A Ll Slats Mumber 2 =
Flap1 Flap 2 Slat 1 Slat 2 Horizontal Tail 20 2
r d ] . 1 AC-CG Dist -d | J
CHap/C Czlat/C
g 03 01 Wing CLmax |2 37
Flap Type: 5 oited | Flap Type: g5 | MACZd 10-210 |
Inner Position [v/b/2) 011 Inner Position [p/b/2) 01 Eompleteltinas) 2 30
Outer Position [p/b/2) 0.3 Outer Pozition [p/bf2) 0.25 Acm -0.312
LG 15
) MTOW 72676 | g Vstall 646 | mfs
Use Flaps Use Slats 232.6 km/h
126.2 kits
Load Take Off Data ‘ Calculator Unit Converter ‘ Calculate ->
Load Landing Data ‘ Main Meni ISA ‘ Save As.. Take Off Save As.. Landing ‘
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ADAS Modules

- High Lift Devices:

CL

All Retracted

1300 _ Data
1.600 F

- A

1.200 /

om0 /)

. / /

o0 / /

0.400 / /

- —

0.000 /

== Flap Deflected

Alpha [deg]

= All Retracted

v

CL

All Retracted
D ata

All Retracted

Data

2500

2.000

1.500

N

CL
1.000

/

wo| |/

7/

F

0.000
50 00 50

100 150 200 250 300 350

Alpha [deg]

== Slat Deflected == All Retracted

2.500

2,000

TN

1.500

/

A/

1.000

0.500

V

0.000

/

-10.0

0.0

10.0 20.0 30.0
Alpha [deg]

== Flap+Slat Deflected = All Retracted

A
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- Ailerons:

ADAS Modules

ADAS Program - A320 - [Aileron Design]

File 7
¥¥ing Data Results
PV | Fo2vly) | Touldels) | Pb/2vdelia] | deltal)
Wing Area [m~2] 121.24 e
Wing Span [m] 33.94 152
1.35
MAC [m] 419 118
Aspect Hatio 9.501 1.04 - =5
Taper Ratio % 182 P [rad/s]0.84 = d=10
067 — d=15
Sweep Angle Ac/4 [Deg] [p 7 051 — =20
Root Chord  [m] 6.552 0.34 = d=25
017
Flap Presence rd— 0.00
. . 0 100 200 300 400 500 600 70O
Flap Duter Position
[v/(b/2)] 0.8 Fuselage V [mis]
Aileron Input Data Turning Performances :
Geometric Input: Aerodynamic Input: Engine Input: Polar Input:
Engine Type  : |Tyybofan ~| | CDa: 0.0226
Ca/C 0.3 B 2 max 1 250 | J
Inner Position (y/b/2) 0.82 Steering wheel max def_ [*) 150.0 Engine Sub-Type: |Hig BPR - Oswald factor : g 90
Outer Position (p/b/2) ’W Steering wheel Diameter [m] (g 40 ﬂ To [1 Engine] : 111921 kg
up/down deflection 1.00 . ) . )
Hinge Position | [ex. 0.9-0.95- 1) Engine Mumber: 2 = Weight Input:
3 5000 ’7
Allitude {m] Throttle Setting 2 : ——— | [qop MTOW [kal [72676
- ¥ounit : |, .
Apply Aileron ms |- M aximum load
factor : 3.20
Calculator | ISA Unit Converter ‘ Calculate ->
Turning Calculation -> ‘
Main Meni
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ADAS Modules - Ailerons:

ADAS Program - A320 - [Aileron n]

File 7
. Results
Wing Data -
w/[bi2) r'"‘L'"""T Pawwer (1) TTurn HachusT F.R T R.T T R.n
Wing Area [m~2] 121.24 40000 —
- 32000 Lo = Pa [Kw]
Wing Span [m] 33.94 o powy 2200 - — Pr(CLmax)
16000 1 —_— -
MAC [m] i Pr{r=t
419 8000 i I —— Vstall = 103
. 0 -
P EL 3.501 0 8 160 240 320 400 v W0
= \max = 265
Taper Ratio A 0.182 Vimis]
|| Remove Char. Speedl
Sweep Angle Acld [Deg] 0.z e —
Root Chord  [m] 6552 3000 1
6.552 4000 : —_ R
Flap Presence —— [ — R [m] gggg : == Vstall
Flap O Positi 108 I .
ap Outer Position 1] - max
[v/(b/2]] 0.8 Freelergs 0 80 160 240 320 400 Rmin = 1193
V [m/s]
¥ at R min =130
Aileron Input Data
Geometric Input: Aerodynamic Input:
200 T I .
CalC 0.3 5 25 1 160 I 1 — T_pi
: a max () : T [secl '35 I H == Vstall
Inner Position [p/b/2] 0.82 Steering wheel max def. [7] 150.0 "’3 : I : —=
; ; - \max
1] 80 160 240 320 400
Outer Position [y/bf2) 096 Steering wheel Diameter [m] g 40 ﬂ == Tmin =29
up/down deflection 1.00 i Vv Imis]
Hinge Position ‘ (ex. 0.9-0.95-1) ¥ at T min = 130
Altitude [m] /5000
Apply Aileron Vunit: [njs  ~ 10.0 e H - n
- il i — fil10
nfi 1 1
Calculator ‘ ISA Unit Converter ‘ Calculate -» ;-3 @ == Vstall
00 I -y
0 20 160 240 320 400 __ ymax
Main Meni V [m/s] n max = 2.00
<— Return to control
e —
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ADAS Modules

- Fuselage:

This module help the user to design a Fuselage for transport aircraft, contains
also a sub-module that allow to approximate very well any type of fuselage
shape.

- Basic Passengers Cabin Layout
The first step of Fuselage Design is to choose the Deck Layout:

Input Data

Mumber of Seats m
Deck Layout [ex. 23, 343) m

Seat wiath o] [T [ I
Seat Height [cm] '
1%

Seat Depth [cm]
Seat Pitch [cm]

Aisle Height [cm]

Aisle Width [cm] EYThGH m

Aft Space [cm]

| 150
Fwd Space [cm] 2 m

Cargo Cabin Height [cm]
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ADAS Modules - Fuselage:
- Standard Fuselage Layout for Transport Aircraft

The second step is to design the fuselage Shape. It can be done with Standard
approach, typical for Transport Aircraft, or Advanced.
For Standard Approach the program need:

Input Data Section Humber

Hosze Finenessz Ratio
I Numher Moze Sections | 30

Cone Fineneszs Hatio -| 500 Confi
onfirm

Se-::tluns . I
Znose/0.5"CabinHeight -0.300 Central Sections 20 ﬁectLun
umber

Zconel0.5*CabinHeight 0.6008 Confirm Cone Sections 20

Baze Diameter [m] Iﬁ Data
With the use of 4 classical polinomial is described the fuselage shape

Only elliptical
section shape.

40

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011



\ o Y
a
1. Universita degli Studi di Napoli “Federico iI”

ADAS Modules

- Fuselage: - Draw Advanced Fuselage Layout
The alternative method to design a more detailed fuselage layout is to use the

Advanced Fuselage Layout toolbox included in ADAS.

This sub-module allow to:

- Modify standard fuselage as desired.

- Custom a new fuselage by clicking each point on the picture.

Lateral and plant view are constucted by a Spline through all choosed point.

The sections shapes are default elliptical in all part. But they can be changed
by modification of two control point, and placed in any part of the fuselage.

Zone with different type of section may be linked by a transition zone.
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ADAS Modules

- Fuselage: - Draw Advanced Fuselage Layout

@ Standard Fuselage

Lateral
& Custom Fuselage

- Data Lateral View

N* of Points 26

Fuselage Length

N* of Sections  |ETiTi]

Draw Paoints --»

Add Point

Remove Point

~Data Plant Yiew Section Shape Zone Type

N* of Point 13

Do Side Surface --»

3

This time the zurfaces are
simmetrical so draw only one
side.

- Sections Shape

N* of Znne

Zone From To

Confirm Data - - -
' R [

Transition Elliptic Rect.
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@ Standard Fuselage

@ Custom Fuselage

Data Lateral View

N* of Points 2?6

Fuzelage Length FEN=3

N* of Sections  [fTii]

Draw Points --»
Section View/Modify
Section Number
Data Plant Yiew
N* of Point
Do Side Surface -->
13

This time the surfaces are

simmellical so draw only one

side. Sections Shape

: N of Zone
3 Zone From To
= - O
Zoom p
e E Lo ] -
“ ; Transition Elliptic Rect.
43
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ADAS Modules

- Fuselage: - Draw Advanced Fuselage Layout

@ Standard Fuselage

Lateral
@ Custom Fuselage

Data Lateral View —‘
N* of Points 26 P

Fuselage Length FENY2 m
N* of Sections  [FT] |

Draw Points --»

%

Data Plant View —
Rotate 7
N* of Point 12
Do Side Surface --> Alasin T

13

Thiz time the surfaces are
simmetrical so draw only one
gide.

) Z
Confirm Data F.',’,"..:'L.d L

z 1 ' =
T oo O [ ' Upper _~ [ |
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ADAS Modules - Fuselage: - Advanced Fuselage Layout

Another way to particolarize the fuselage shape is to modify section per
section all part, it’s also possible here to choose the X position of the
passenger’s cabin.

@ Standard i@ Advanced Section || ¥[m] | Height[m] [Z center [m]|_ LiB1][m] [TetalB11['1 | LB2)[m] [TetalB2)[1] riS1)im] [TetalS1107 [ (521 [m] | Tetals21 [
100 1 0.001 0.010 0488 0010 178855 0010 178855 0.008 £2.767 no0g  117.233

Number of sections [JAeY nn 2 0.008 0.047 0477 0034 175908 0034 175908 0.032 55.309 0032 124692
[ Incert Soction | 3 0.026 0101 0476 0073 171.314 0073 171.314 0.068 55.321 0068 124679
- = 4 0.056 0150 0471 0113 166544 0113 166544 0.104 56,281 0104 123719

| Back | 0.095 0199 -0.466 0145 162592 0145 162892 0135 55.567 0135 124433
0139 0.246 0459 0181 158475 0181 158475 0.169 55.856 0169 124144

Cabin Layout

@ Standard
X Start Cabin [m] Z Deck Level [m]
@ Advanced

Seat Line

1
2
3
4
5

Multiple Section Yiew

0.015 m’
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ADAS Modules - Fuselage: -Wing-Fuselage Layout
The Third Step is to choose the position of Wing.

~ Fuzelage Lateral Yiew

@ Standard Fuselage

Z level for fuselage nose [m] 0.000 E"'“—‘—\_\_\-\
@ Advanced Fuselage (

~wing Plant ¥iew
X wing root leading edge/ Fuselage Length [%]

— ] 3|

Z wing oot leading edge/ Fuselage Max Height

]

Wing Root Chord - Fuselage Axiz Angle [deg]

— ] 29|

Unit Converter

Calculator
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ADAS Modules - Fuselage: -Wing-Fuselage Layout
The Third Step is to choose the position of Wing.
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ADAS Modules

Fuselage:

- Analysis

Reference Length [m] 37.380
Altitude [m] 11260
0.8

X transition / Fuselage Length CLE wing M=0 0.0840

Choosze Which WF to Uze
21 9367643 Calculate Downwash
at Rear Fuselage Tip & Effective WF
Friction Coefficient Cf I] 00183 ?

de / de @ Equivalent Wi

Reynolds Number

# Speed [km/h] & Mach

Fuselage Analysis

Humerical D ata

-0.0914

Fuselage Top Yiew Fuselage Lateral Yiew

Alpha w| iwing | Alphab | COOfus | CO base | CO upsw| CO[Lif | CDtot fus |
10 20 30 00064 000004 00001 00001 OOOE7 01092

04 | 20 | 24 | 0.00G4 | 000004 | 00001 00001 | 00067 | 0 S S— .,,.,,g-. K2 - Ki . "932 ‘ Ch cL-0

01 20 1.3 0.0064 | 0.00004 | 00001 @ 00000 | 00066

Fuselage Latelal Yiew T

Mumerncal Data

07 20 -3 | 000B4 000004 00001 00000 OOOGE | O Parts within wing ﬂ

13 20 07 0.0064 | 0.00004 | 0O0OT | 00000 | 00066 | -0.0646
1.8 20 02 00064 | 0.00004 | 00001 | 00000 | 00066 | -0.0534

=1
Parts behind wing B W

CMO table

CMalpha

no | start ) | #i center [m] ‘
1 0.000 12618
C 2 1682 10.934
M 3 3.364 9.252
- 4 5046 7.570
u 5 £.729 5.887 x
i & 8411 4.205 /r' )
I 7 10.093 2523 \L
a g 11.775 0.841
2 9 13.457 0.000
10 | 14767 0.000
5.00 10.00 1 16.078 0.000
Alpha Body [deg] 12 | 17.388 0.000
18,699 0.000
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ADAS Modules - Nacelle:
Another possibility of ADAS is to design the Nacelles:

MNacelle Integration

¥ wing root leading edge /

@ Standard Fuselage @ Advanced Fuselage | Z level for Fuzelage Mosze [m] (TR DRAW
Fuselage Length [%]

~wing ’, Fuselage

Z wing root leading edge / Lateral View
Fuzelage Max Height [%]

Wing root chord - Fuzelage axis

Angle [deqg] - C

- Macelle

Nacelle 1 |__INSERT |
@ Nacelle — Macelle 2 Orientation -
® 7 Fuselage Length [%] _l— m ’7 PN
L
Y rwingspen 4 il | [ o |
Z / Fuselage Height _]— m Plant View

o MNacelle 2 | INSERT |
% / Fuselage Length [%] W_l_

¥ # Wing Span [%] 3]
Z / Fuselage Height -!I

# Hocelle 3

® Hacelle 4

® Hacellz 5

# Hacellz &

BACK | Isa___|
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ADAS Modules

Parasite Drag
’rFLIGHT CONDITION

Altitude (Service Ceiling) [m] # Speed [km/h] @ Mach m

FUSELAGE NACELLE HORIZONTAL TAIL YERTICAIL TAIL MISCELLANEOUS
-WING

Reference Length (Mean Aerodynamic Chord) [m] 4 m

CALCULATE WING PABASITE DRAG

X transition f Reference Length [%:]

Cut - Off Reynolds Number Rel:ut—uﬂ 626035737

® Laminar Bucket

- Reynolds Number "Re" 23882605
SO LTRSS AR TR 8l 0 00000052 - Smooth molded composite -

Skin Friction Coefficient 'Cf'
wing Planform Area [m~2] 121.240

Form Factor 'Kﬂ'
Wing Wetted Area [m"2] 217.917

Wing Parasite Drag Coefficient .CDw .

Maximum Airfoil Thickness "tfc® [%]

Sweep Angle [deq] 250
BACK

CDp 0.0226

Calculator Unit Converter
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ADAS Modules

)

CDp sf wing

Il CDp sfWing

[ CDp sfFus

B CDp sfNacele
CDp sf Hor Tail

B COp s Ver Tail
CDp Excr

[ CDp Base

B COp Upsweep

B cop Gap

B cOp Land gear

B CDp Wing strut

B COp Wingshield

B COp other

CDp sf Fus

CDp sf Hacelle

CDp sf Hor Tail

CDp sf Yer Tail

CDp Excr

CDp Baze

CDp Upsweep

CDp Gap

CDp Land gear
CDp Wing strut

CDp wingshield
B copsfwing -31%
[ copsfFus  -32%
B COp sfNacelle - 5%
CDp =f Hor Tail - 8%
B CDp =fVer Tail- 5%
CDp Excr - 6%
B cOop Base - 3%
Il CDp Upsweep - 0%
B COp Gap - 1%
B COp Land gear - 0%
B cop Wing strut - 0%
B cOp Wingshield - 9%
B cOp other - 0%

CDp other

CDp TOT

EiiﬁiiiiiiﬁiﬁﬁN
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ADAS Modules - Performances:

» Turbofan model:

The model used for Low Bypass ratio is the Pratt & Whitney JT8-D
For High Bypass ratio is the Pratt & Whitney PW-2037

Kk =—"  _fzM) = f(z.M)=a,(2)+a,(2)- M +a,(z)-M?

maxcruise
Low BPR High BPR
T 09
| |
Shei il
P i
07 07
_ k N N
T _TO Nengines @ mz osf™ 08 o
e ™~
P=T-V - ne el ~ L
- * Kmz e \““9————_5 Kmz \E\
04 [y 04 s 3 [P S
e \‘\\0_—_—___‘
02—t e 02 -
0. 0
06
Mach Mach
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ADAS Modules - Performance:

ADAS Program A320 - [Performance Evaluation]
File PerformanceData InputData 7
Load Data
MTOW [kg]

Used Fuel Weight [kg]

Drag Palars Efficiency(CL] Efficiency(k) Thrust Feg. Power Reg. Thurst Avail. Poveer Awvail
Power R Climb Fate Climb Angle Flight Er. FangehEnd. Ground Perf.

Reload Other
Maodule Data o i 240,000

Geometric Data
Wing Area [m™2]

Wing Aspect Hatio - AR = 180,000

Taper Ratio -

Wing Angle of Sweep - Ay, Thrust [N] 120,000
Airfoil Mean Thickness Ratio - t/c [% c] b - /

o —— =
S
==
Aerodynamic Data
m Parabolic Drag Polars
Che 0.0226

I:l.mua:c
Dswald Factor - e 077

Engine Data

600 800 1,000 1,200 1,400
Speed [kmi/h]

t Engine Turbofan

[ << <]

m “ Performance Humerical Data Drag Polars Charactenstic Points
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ADAS Modules - Performance:

ADAS Program - A320 - [Performance Evaluation]
File 7
Load Data
MTOW [kg]

Used Fuel Weight [kg]
Reload Other
Module Data

Performance Data  Input Data

Geometric Data
Wing Area [m™2]
Wing Aspect Ratio - AR
Taper Ratio -

Wing Angle of Sweep - A

14
Airfoil Mean Thickness Hatio - tfc [% c]

Details

Aerodynamic Data

m Parabolic Drag Polars

|::]ZIIZI

C

Lmax

Oswald Factor - e

Engine Data

Turbofan

TSFC constant with speed -

T 150 {Ib / Ib h]

Engine

Dirag Polars Efficiency{CL] Efficiency(bd] Thrust Reg,

Power Reg.

Thurst &vai, Power Avai,

Thiuzt Bha,

Absolute Ceiling m ft

Teta max

Power B4 Climb Fate Climb Angle

12,000

Flight Env.

Service Ceiling m ft

Range\End. Ground Perf,

Clirb Tirne

10,000

7
7

2,000

== RCmax

Altitude [m] §,000

= AngleMax
— N min

4,000

W omax

2,000

600
Speed [km/h]

EEEEQ
[ << <]

Performance Mumerical D ata

Drag Polars Characteristic Points
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ADAS Modules - Performance: > Take Off:

ADAS Program - A320 - [Performance Evaluation]

Load Data
MTOW [kqg]
Used Fuel Weight [kg]

Dirag Polars E fficiency(CL) Efficiency(h) Thrust Req. Power Req. Thurst Avail. Power Awvail.
N - N - =

Reload Other
Geometric Data Module Data
Wing Area [m™2]

Wing Aspect Ratio - AR

Taper Ratio -

Wing Angle of Sweep - A,

Airfoil Mean Thickness Ratio - t/c [% c] . ’ﬁ
Aerodynamic Data
— TO Length (AEQ) = 1527

| Reuy | Parabolic Drag Polars speed [kmih] 150 — Balanced Field length=2034
pee m
Cra 0.0228 —— T0O length (OEI) = 2069
C VEF = 240
b 7
man | 1.5 B = 240
Oswald Factor - & Calculate \agic 243
acl=

Engme Data

Turbofan

TSFC constant with speed
500 1,000 1,500 2,000 2,500

0.50[b /b h] Length [m]

FARTO Length =0

Distance Unit Speed Unit m Force Unit

m Calculator Unit Converter m m Performance Mumerical D ata Drag Polars Charactenstic Points
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ADAS Modules

- Stability and Control:
The analysis of stability and control is divided in two part:

» Horizontal Tail Design — Longitudinal Stability and Control

» \ertical Tail Design — Directional Stability

Stability and Control L — =

@ Standard Fuselage © Advanced Fuselage I
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ADAS Modules
- Stability and Control:

The methodologies used for this module:

» Wing Downwash:

Roskam approach faemnnnn =
.’|| f 1
\ KIS
K, Illl"luk Wazrsdzesd Levm Balarams |.|_ J_%‘_%
R N : | =
de 4. .44 [(K K. K ( A )1/2)1.19 CLa y | "-H___“-_-_ ]
5 - T cos . -
o e o CLaM=0 ; ] .
s T N |
— B
K j ;X\x\ : B
m " 25C, gt:_r i ﬁx\t\\ 9
L1 M
| ;jiﬂ__u;aﬂﬁ-#ﬂ m*é ) N
ﬁ rz:.nu LIFET nn__“JI | | I . |
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ADAS Modules

- Stability and Control:
The methodologies used for this module:

* Cha and Ché:
McCormick approach

1.2 ‘ 1.2 /EE
1.0 freme I Wa—— C 1 ole=— L__‘\r\-jr_\ I3
5 08 08 -
s N 5 ;
5 1 g
B 0.6 \;T 3 06 <
£ 0.4 DN s N N
N i = 04}
Balance ratio {BR} T~ 1
\ e
0.2 { A -
: \\ H 0.2 Balance ratio (BR)._|
0 i
PR 0
(L) ol'l . Oiz Oﬁ , 0," o ond BR 0 0.1 0.2 0.3 0.4 «,/c and BR
1 1
0 0.04 0.08 0.12 0.16 « L | | 1 | ol | ! J
| \ | N 1 i | 1 | 0 0.04 0.08 0.12 0.16 /¢
0 0.2 0.4 06 0.8 11 1 ] i ! i ! L J
0 0.2 0.4 0.6 0.8 1
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ADAS MOdUIeS %55 rLMtCL“%pVéSlh ﬁh%wﬁsh
- Stability and Control: | QJE:;\M e 1
For Horizontal Tail Design CG constraints ‘_’—x R

due to minimum stability (stick free), e

Control deflection in landing and take off

: . Take off Rotation forces
rotation have been considered

0.50
E 0.40
o 0.30 Min. stab.(SF)
% 0.20 Control landing
o == Take Off Rotation
2 010

Choosen 5t/5w
0.00
0.00.10.20.30.40.50

Xcglc
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ADAS Modules - Stability and Control:

- [Horizontal Tail De

File 7

Preliminary data ———— Lateral Yiew

Xacwhfc W oL 1 IT
Cmacwb CLmax Idm
Claw M=0 [1/|[XEH ACm)q4q
(Bl L Aa. 4 ([ EEKEH

Mcruise
Sw  [m"2] Midg [N
MAC  [m] 419
ACHw[dEg] X le Cr [m]:
A Tail Preliminary Calculation

'w [ded] Xacwh [m]: Fin Mounted: Fin dependant data blocked e pusmun Cha 1/rad

angle [deqg]
AR Xac tail root { Fuselage Length [>:] deddiphe
ow [ml N

(| .

- Zac tail root / Fuselage Max Height 2 i
Input data - ~Control in land. / J J at [1/deg] itg[deq] DRI 0-90

!
AcHt [deq] Ay 0.26 Choose your S tail®

% ext. elevator EXTIN 5, nes (123
vewi  [KENEEN VearvsLEKN

St /Sw:

Calculate
St [m"2] and Plot

0.50 ~
a0 [1/deq] [KE Elevator m “o/(bts2)
Xcgfc Max fwd Type: B 040 1 e K= 2008

Gap & Control Landing
¥cgfc Max aft | 0.30 o Wt
-g;" % —_— o - ARt
min S5M sfree g 00 o] Choosen Point v
| y
ARt 4,60 % .10 —7t Iso - ARt=3 bt
Other Optional Data Take Off Rotation 0.00 /] Iso - ARt=4 it 0
0.00.10.20.30.40.50 150 - Art=5 Mo fix
Calculator Load statistical data {b_tail) / (b_wing)
' HT Quick sketch  "° 1%

Main Meni
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ADAS Modules

- Stability and Control:

» Longitudinal Stability and Control:
The equations used for the study of longitudinal stability are taken by classic

methodology: N
A
I I N;
//th ‘"’Y“"——-’
Ta 2a St Ct D _~"¢ - T Dt
Cmcg = CN - + Cc —_ + C‘mac "[" OmFus + Cmact Lg— — N bh\ //"i/ : Ct
¢ ¢ Nac w C —L% =C— Alrplane refarence line Macy =
\_ SAS [ Wi,
St hl St Zf Mg, \,k hy
+Cc;S—;m—C'N¢:§—‘C“m w,n/dy/ N l
¢ Y dlrection MR ;:’_\g;/ Le
\

The slope of pitching moment with CL is given by:

dCy  dCy %a 4+ dCe za + f:FC',,m_l_ (dC’m) dCx, S: 1

- - o TNt
dCr, dCp ¢ dCp c dCp, dCr/R%  dCp Sy ¢
Contr. rTf_u.'ing Contr. of Cnn\t’;, of
. fuselage and horizontal tail
PENDULAR Stability nacelles
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ADAS Modules

- Stability and Control:

» Longitudinal Stability and Control:
The equation used for the calculation of neutral point is:

dCh, o de
No = Zcg(dCmldCr=0) = Tac — (_) o T (1 - —)
Fus

dC, Qyw de
' ‘ . Nac
So the Stability Static Margin can be calculated:
dC.n, |
E = Teg — ND

The effect of Thrust on these equations is an additive term calculated by:

For Propeller: (5{&1@) _ ml + de/de)l, S, N
N;pTc=0

(dCN/da)pT_o*
« For Jet: .0024 Two-bladed propellers
.0032 Three-bladed propellers
dCy — 0035 m lrN .004 Four-bladed propellers
ac, ‘/) 2/ p SwCaw 0065 Six-bladed counter-rotating propellers

m=0.032-T/N
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ADAS Modules

- Stability and Control:

Wing

Geometry Input: ——

MAC ] [EREN
Sw [m"2]
ow ]

A c14 [deg) ETIEE
A 02
iw [deg]
P 375
Xle Cr [m]
Xie C
Zxacw [m]

Aerodynamic Input :

Lo
ClLmax

CL(alpha)

‘s ADAS Program - A320 - [Longitudinal Stability and Control]

File 7

Horizontal Tail

CD(alpha) Crmlalpha) Posizion Input : ———

CL

Xac [m] 34.54
2.500 Zac [m]

2.000 - Geometry Input :
/ 5t [m"2]
1,500 / ARt 46
L A ¢4 [doq) EXEEN
/ r 0.26

0.500 A .

/ 0 [dea]
0.000 tic (ex.l].l)
-10.0 0.0 10.0 - O

Armcndiimannia lneed -

CG Position and Options

Cm [ cmacl

[post stall)

Fuselage

CMDF

CM ap 0.0211

Refresh Chart

Unit

Converter It

M4

Calculator

XeaMAC [IEZ
ZcgiMAC Elijnsgillive if CG below the

Mon Linear effect wing lift curve zlope
Mon Linear effect wing moment coefficient curve
Mon Linear effect Horizontal tail lift curve slope

Effect of wing hift curve slope on downwash

Eifect of Hor. Tail distance of horizontal tail
from wing vortex plane on downwash

Effect of tail position on dynamic pressure ratio

Airplane Drag polar fl:lr
Effect of CG vgr_tical position Thrust Calculation:
ll?enqular Stability] s > CDo 0.0226
Pitching Moment contribution due to Thrust
Ozwald factor [l

Pitching Moment contribution due to
Propulsive system working in non axial flow
10000

Altitude [m]
ab Max G -85)
N ab
ab Min < 24.0)

CG Pos. and

Main Menl I

Back

Calculat
Options alcuiate

CL[alpha] CD[alpha) HT Sketch

)
—
—
—
=

Alpha [deg] AlphaClLmax [ de=00 =30.

Elewvator Input :
Confirm

Ce/Ct [EN Minner [y/b/2] (K
Data

© Gap Closed Touter [y/bf2]
J

@ Gap Open

Reload Other

Open Results Page Module Data
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ADAS Modules - Stability and Control:

‘st ADAS Program - A320 - [Longitudinal Stability Results]
File 7

Aer. Coeff. [delta e) Mumerical Resultz Equilibrium

Ck General results ‘Downwash and Kinetic Pressure Static: Stability M argin And MNeutral Faoint

8.00

6.00 == checked

! 0.25

= fixed d (eps /d (alpha
0.20

4.00 / —— linear :
= constant 0.15

200

= variable 0.10
000 0.05

-2.00 0.00
-10.0 00 100 200 . -i00 50 00 50 100 150 200 250

Alpha [deg] Alpha [deg]

0.300

0.200
0.100 —

0.000

-0.100

-0.200
-10.0 0.0 10.0 20.0 30.0

Alpha [deg] \ [
0.900 v

== NACA 648 == ESDU

epsilan checked [deg]

0.500
10.0 200 30.0 -10.0 0.0 100 200 300

Alpha [deg] Alpha [deqg]

Input Data Main Menu
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ADAS Modules - Stability and Control:

" ADAS Program - A320 - [Longitudinal Stability Results]

File 7

Ch General results Dovwnwazh and Finetic Preszure Static Stability Margin And Meutral Point

Mumencal Resultz E quilibrium

e

e S st
o —
— — ' —
e, ™. N ' B
[ \\ M
N
NN

e
™

00 50 100 150 200 250
Alpha [deg]

2.500 1.500

2.000 1.000

1.500 0.500

CLtot 1.000 CLtail 0.000

0.500 -0.500

0.000 -1.000

-0.500 -1.500
100 50 00 50 100 150 200 250 -10.0

Alpha [deg]

Input Data Main Menu

EWADE 2011 - 10° European Workshop on Aircraft Design education, Naples, Italy 24-27 May, 2011



Universita degli Studi di Napoli “Federico iI”

ADAS Modules
- Stability and Control:

CG Position and Options

Xca/MAC. [ECHE 0600
Positive if CG below the \
Zcg/MAC s 0.400 - — fus+nac
MHon Linear effect wing lift curve slope /
0.200 5 " -— e
Mon Linear effect wing moment coefficient curve \ / ClMw i
- — Wl
MNon Linear effect Horizontal tail lift curve slope 0.000 & Cliw Zca=0
- w
Effect of wing lift curve slope on downwash CM -0.200 o _Cg
Effect of Hor. T ail distance of horizontal tail r \\ — CMhnt lin eps=const
from wing vortex plane on downwash _0.400
Effect of tail position on dynamic pressure ratio ' ‘\\ == CMht
Effect of CG vertical position - CMtot
[Pendular Stability] -0.800 .
Pitching Moment contribution due to Thrust 0800 Mo — CMtot lin eps=const
Pitching Moment contribution due to :
Propulsive system working in non axial flow 1000 \ C“—T1
- CM_T2
b Max [> -8.5) -10.0 0.0 10,0 200 30.0 -
N ab [ Alpha [deg] de=0
ab Min (<240
CG Position and Options
Xco/MAC TG 0.800 \
’— Positive if CG below the 0400
ZcgfMAC wing \ - = fUS+nac
Mon Linear effect wing lift curve slope 0.200 N // T
Mon Linear effect wing moment coefficient curve 0,000 La \ / — CMw lin
--- CMw Zcg=0
Effect of wing lift curve slope on downwash CM -0.200 .
Effect of Hor. Tail distance of horizontal tail » — CHMht lin eps=const
from wing vortex plane on downwash _D.400 — CMht
Effect of tail position on dynamic pressure ratio oy
Effect of CG vertical position - CMtot
{Pendular Stability] -0.600 \ )
Pitching Moment contribution due to Thrust 0,600 b — CMtot lin eps=const
Pitching Moment contribution due to :
CcM_T1
Propulsive system working in non axial flow 1.000 \ =
o ch_T2
ab Max [EXI © 85 -10.0 0.0 10.0 200 30.0 -
N ab
P

ab Min B2
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ADAS Modules
- Stability and Control:

CG Position and Options

Xca/MAC oo N

Positive if CG below the 0.400
Zcg/MAC wing \ /"’ = fus+nac
Mon Linear effect wing lift curve slope 0.200 \\ L - Ol
Mon Linear effect wing moment coefficient curve -0.000

— CMw lin
Non Linear effect Horizontal tail lift curve slope 0.200 --- CMw Zcg=0

Effect of wing lift curve slope on downwash CcM i
0400 — CMhnt lin eps=const
om_wing yortex plane on downwash — CMht
Effect of tail position on dynamic pressure ratio -0.600

— ChMtot

Effect of CG vertical position
[Pendular Stability] -0.800 " : _
Pitching Moment contribution due to Thrust 1000 \ — CMtot lin eps=const
Pitching Moment contribution due to - CM T
Propulsive spstem working in non axial flow 1200 =
o CM_T2
b Max [> -8.5) -10.0 0.0 10.0 20.0 30.0 -
_ o ab B3 Alpha [deg] de=0
ab Min (< 24.0)
CG Position and Options
Kea/MAC IEEEEN 000 -
Positive if CG below the 0.400
Zcg/MAC wing N T — fus+nac
Hon Linear effect wing lift curve slope 0.200 | - cM
— W
Mon Linear effect wing moment coefficient curve _0.000 \ .f — CMw lin
Mon Linear effect Horizontal tail lift curve slope /\
-0.200 --- CMw Zcg=0
Effect of wing lift curve zlope on downwaszh CcM .
Effect of Hor. T ail distance of horizontal tail -0.400 — CMnt lin eps=const
from wing vortex plane on downwash CMht
Effect of tail position on dynamic pressure ratio -0.600
Effect of CG vertical position \\ — CMtot
{Pendular Stability] -0.300 = .
Pitching Moment contribution due to Thrust \ — CMtot lin eps=con st
Pitching Moment contribution due to -1.000 cM T4
Propulzive system working in non axial flow 1200 —
o CM_T2
ab Max (> -8.5) -10.0 0.0 10.0 20.0 300 -
N ab [H
_ Alpha [deg] de=0

ab Min ez
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CG Position and Options 0,600
Rea/MAC [ N
L 0.400
,7 Positive if CG below the = —
Zcg/MAC wing 0.200 \ / fus+nac
Hon Linear effect wing lift curve slope ’ \\ /.r“r = e
Mon Linear effect wing moment coefficient curve -0.000 = — CMw lin
Mon Linear effect Horizontal tail lift curve slope 0200 I --- CMw Zcg=0
Effect of wing lift curve slope on downwash CM CMht i _ t
Effect of Hor. Tail distance of horizontal tail -0.400 T MELE=ELIE
from wing vortex plane on downwash — CMht
Effect of tail position on dynamic pressure ratio -0.600
Effect of CG vertical position \\ — CMtot
[Pendular Stability] 0,800 - .
Pitching Moment contribution due to Thrust e — CMtot lin eps=con5t
Pitching Moment contribution due to -
Propulzive spstem working in non axial flow CH—T1
-1.200
CM_T2
ab Max [ [ -8.5) -10.0 0.0 10.0 20.0 30.0 =
N ab -2? _Cluse
ab Min « 24.0) Alpha [deg] de=0
CG Position and Options 0.600
XeomMAC [ N
L 0.400
Zcg/MAC Elij:;llve if CG below the \ /!" — fus+nac
Mon Linear effect wing lift curve slope 0.200 N L I - CMw
MHon Linear effect wing moment coefficient curve 0.000 |- \ /l — CMw lin
Mon Linear effect Horizontal tail lift curve slope 0200 & — CMw Zca=0
Effect of wing lift curve zlope on downwash CM ’ ] o W £C0
Effect of Hor. Tail distance of horizontal tail -0.400 LY — CMnt lin eps=const
from wing vortex plane on downwash _ &\\
Effect of tail position on dynamic pressure ratio | Airplane Drag polar for == CMht
- -0.600
Effect of CG vgl_lical poszition Thrust Calculation: : &\\ — CMtot
lPenduIa;“Stahllilvl ibution due to Thrust CDo W _0.800 ™
oment contribution due to Thrust B : =C0
tching Moment contribution due to” =S [aclol _1.000 LT TS =
Altitude [m]  [ETiTiT0) e cM_T
ab Max [ENI © 89 - CM_T2
N ab EZE 400 00 100 200 300 -
b Min ka2 Alpha [deg] de=0
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ADAS Modules
- Stability and Control:

+ Non linear
effects

+ Downwash
on wing and
Tail effects

+ Effect of Talil
position on
pressure ratio

+ Pendular Stability
+ Effect of Thrust

cM

0.600

1]4-I}D\

D:E'EH] \

N

-0.000
-0.400

_0.600 \
LN
-0.300 S
~1.000
-1.200
-10.0 0.0 10.0 20.0
Alpha [deq] de=0

30.0

== fus+nac

= CMw

— CMw lin

--- CMw fcg=0

— CHMnht lin eps=const

== CMht

— Chtot

— CMtot lin eps=const
CM_T1

~— CM_T2
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ADAS Modules - Directional Stability and Control:

The methodologies used for the Vertical Tail contribution on the Yaw
Derivative coefficient due to 3 are from ESDU and Roskam:

« ESDU Approach:

Cy, =J4 |dwld:](C P— ‘
yV B W T ( La )V | a. Tailplane correction factor for body-mounted tailplanes

Sy
2.0 SW
E AF 12

by
e
Jg 11 o
R 4
= F | H 3
10 — = Fer 2
=TT 10 = =
EEE==anEn 00 01 0 03 04 0
hgp
05 L2 Tigr+ hp
00 01 02 03 04 05
hgr
hpp+ hg
Jp L0

08

I I

I [
03 0.4 03 02 0.1 00 -01 -02 -03 -04 -05
Low wing _ High wing
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ADAS Modules
- Stability and Control:

« Roskam Approach need the estimation of the follow contributions:

Jg - Vertical Tail/Fuselage

l

A
s6 ~
2

T TN

Reproduced from Reference 9

Ao

// NN

Ay 12 /

~

CENTERLINE

== VERTICAL TAIL SPAN MEASURED FROM FUSELAGE

2r, = FUSELAGE DEPTH IN REGION OF VERTICAL TAIL
Ar == VERTICAL TAIL TAPER RATIO BASED ON SURFACE

MEASURED FROM FUSELACE CENTERLINE

A v{f) =RATIO OF THE ASPECT RATIO OF THE VERTICAL
Av

SA‘JEL IN THE PRESE\CE OF THE BODY TO THAT

I

? |

bv/zr‘.s

Ky - Vertical Tail/Horizontal Tail

12

T T T T 1

Reproduced from Reference 9 e
P 2

T

/-/x:r

ACTOR ACCOUNTING FOR RELATIVE
Yh '?‘{%IEL:.SOF HORIZONTAL AND VERTICAL

»

//

Sig = HORIZONTAL TAIL AREA

//

Sy == VERTICAL TAIL AREA, MEASURED
FROM FUSELAGE CENTERLINE

by == VERTICAL TAIL SPAN, MEASURED
CENTERLINE

FROM FUSELAGE

3k = YERTICAL DISTANCE BETWEEN
HORIZONTAL SURFACE ROOT CHORD

AND FUSELAGE CENTERLINE, POSITIVE
FOR SURFACE BELOW FUSELAGE
CENTERLINE

T T

12 15 20

S"/‘E:v

k, - Isolated Vertical Tail

Reproduced

from

Reference §

Av(nf)
Avlf)

Layo

ut

bv/zr

Jr - Horizontal and Vertical Tail

Reproduced from

Reference @

|

|

TO THAT OF
PRESENCE OF THE BOD\ -\LONE

x/ev = PARAMETER ACCOUNTING FOR
RELATIVE POSITIONS OF THE
HORIZONTAL AND VERTICAL TAILS

wc. OF
HORIZONTAL:
TAIL

2

T
-4

T
-6

/by

=10

FUSELACE CENTERLINE
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ADAS Modules

- Stability and Control:
So the the Yaw Derivative coefficient due to 8 of vertical tail:

do Sy ly
Cnﬁv = _kVCLa:V 1+ ﬁ Ny ?3

Where CLa,, Is calculated with effective AR

ARyesr = Jpl1 + Kyy(r — 1)]

For free stick condition, the hinge moments are estimated
with the same methodology used in the Horizontal Tail
design (McCormick approach).

do Crp Sy ly
CnﬁVfree = _kVCLa:V (1 + @) ( - C—ha’[ )T]V ?E
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‘ertical Tail Design
Preliminary Data Lateral Yiew
MTOW  [Kg] 72676
Clmax TO 2085 Plant View IR
Ip [m] 6.11
MAC  [m]  CKENEN
sw 2 [EEE
Ymcfvsto 1.1 v
-I;:—;ggm Bl T urbofan -
¥mc  [kis] 144.8
Input Data = = == — - - -
Yertical Tail Position Preliminary Calculation | Final Calculation
Xcg/MAC 0.300 Xac ¥ _tail root / Fuselage Length [%] v [m]
N oo || peesssssssssssssssceeesn el D (|00 0 0 2 el | LY
ARw 1.68 Zac ¥ _tail root / Fuselage Max Height Data _
-3 T at5rmax W
Aga  [deg] av [1jdeq] [ [crTotfix R
ﬁ'l]v(A=0) [deg] Horizontal Tail Influence: Cng wing —l].l]l]38
. — 0.0010
St max "1 At L zHT/bv _ Cnp fus CnpTot free
c {C 1. . Bodv Mounted | HT Data |
dd LE
‘;ue;lruddaular Body and HT influence and wing sidewash: Cng nac 0.00002 (Bre/B) 8.7
¢ ext $ESDU O Roskam/USAF Dotcom 3 ||cpens IR
, Choose your "Sv*
Lateral Gust ¥ awing Mom. Coeff.
Sv [m”2] 21.50 gy Calculate
Rudder Type : — VT Quick Sketch | de-beta
Gap Closed © 1000.0
: — MT
Gap Open — 1T 4 ylbvi2) Ztip/fusH = 2.61
. = = MV{5v=19.8) Bw = 6.01
Other "Optional™ Data y  600.0 "
= I — MV(Sv=12.1} Cr=534
Reload Other Load statistical = 400.0 // — MV({Sv=20.6) Ct=1.82
Module Data data 200.0 T Sexp= 20.51
. — L=y Swet= 42.15
ViVsto — MV({5v=46.1)
Main Meni > %
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ADAS Modules

- Stability and Control:
> Lateral Stability (Dihedral effect) :

For the analysis of lateral stability it required after the design of
all tailplane also the wing and horizontal tail dihedral angle.
The lateral derivative coefficient due to B is founded by:

Cfﬂ - (Cﬁﬂ )w + (Cfﬂ )rw + (Cfﬂ )aN T (Céﬁ )HT T (Cﬁﬂ )FHT + (Céﬁ )gm + (Cﬁﬂ )v.tail
+AC£ﬂp03N
Where:

(ﬂ ) _ 1+24
tOVEA T 31+ )

. ((j_.;I )L_MH =—da,-1], %;—‘ . (CIB)SW = —£" tan(AC/4)KMR

W L

+ ACE,B posSHT + ACEﬁtipW + ACEﬁtipHT

. — —1.2VAR Zwp Yus
~('i-ta11ﬁ€€ (Clﬁ)posw = —L2VARS 2=

Max. Ord. on Upper Surface in Plane

(@) | — ACr, =.0002

Max. Ord. on Mean Lines in Plane
®) ¢ : ACt, =0

Max. Ord. on Lower Surface in Plane

(c) — ACy, =—.0002
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ADAS Modules
- Stability and Control:

ADAS Program - A320 - [Lateral Stabil ihedral Effect]

File 7

Wing Data LateralView —————————————————————————————————— rResults
Wing Area LI 171 24
Wing Span [m] [33.94
MAC [m] (419 \
Azpect Ratio W \\
Sweep Angle ALE [Deg] . %
0000 1000 2000 3.000

Root Chord !
oot Chord  [m] 6.552 oL Tor

Wing-Fuselage d/b

— CIbTOT  — CIbHT
Cranked —
ranke — ClbWing =— CIbVT
Crank Station [w/b/2]

Horizontal Tail Data Vertical Tail Data Wing Dihedral Effect Numerical Results:
HT Area [m™2] . YT Area [m™2] i Number of Dihedral Angle :
Cl pr %

HT Span [m] 3 ¥T Span [m] 3 —_ Cl pPros.w

M y/b/2] T [deq] cl ﬂA""'

Fepeet et ' fepeetfate ' ok |
d Cl pEw
Taper Ratio 3 0.26 Taper Ratio 3 0.34

Sweep Angle ALE [Dea] [EYATS Sweep Angle ALE [Deg] [[TRE] Cl ﬂH
Root Chord [m] 416 Root Chord [m] 5.34 = BH tp

Cl ﬂ"’

Cl B* hip

Gravity Centre Position Wing Tip Type : @ UpTurned ——
& Symmetrical Cl ﬂTDT

Calculator Unit Converter ® DownTumed ——, @ Cruise Configuration
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File ?
Weight
Estimated MTOW
MTOW 72676 kg N* Passengers 150 > N* Crew Member |5
Structural Mass Propulsion Group Mass Fixed Equipment Mass
Max load Factor (3.2
Wing 10638.3 kg )
Surface Control  [g45.8 kg Engine Type Turbofan -
Fuselage 6220.4 kg Engine Sub-Type [nigh 5P | FITETEL ARl Short Rang
TR Type -
Nl Rl kg Engine Dry (20720 kg
Landing Gear [3161.4 kg
Horizontal Tail 1316 kg
Vertical Tail 1484.1 kg
— Details I—Eumposile'— Confirm I - - M—
Total struct mass  |276945 | kg L';t:sl Prop Group 45 kg L';tsﬁsl Fixed Equip 006 kg
Operational tem Mass Payload Mass Fuel Mass
: i Estimate Max Tank
?;:;;ﬂﬂ Flight ’m Yolume
= Max Fuel Capacity |244341 It
o . Average Weight of
N* Cockpit Crew |2 G 20 | kg Max Fuel Mass  [19547 kg
Residual Fuel
and Oil Jeie kg Used Fuel 2300 It
[Sugg. 23604]

Confirm | Confirm | M—
potal Oper. ftem (7035 kg powalPayload 1550 kg Total Fuel Mass  [18380 kg
FINAL MTOW

Calculate M g 1433159 M s 575659 MTOW [76445.9 kg Reload Data ‘
Calculator ISA Unit Converter Go To Balance ->
Main Meni
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% ADAS Program - A320 - [Weight & Balance]
File ?
Balance
Final MTOW
MTOW 764459 kg N* Passengers 150 Seat Layout 33
Xcg Components Positions
wWing Position — 7 36 % Fus Length I Relgad
Calculate :
CG Wing f——— [38 | %homMAC LE
CG Fuselage -/~ [42  %Fuslength 2|
Aircraft Loading Loops Numerical Results on X
¥ocolc TOW 0.3
¥colc Max 0.23
T Forward
\ ¥colc Max 0.38
70000 Backward
\ Hoolo ZPW 0.30
65000
¥ocoloc OEW 0.27
M [kg] 60000
EE000 i Numerical Results on 7
e gl
Zoglc TOW 0.06
50000
e — _-—-=-'"":
45000 —;
| Zoeolo ZPW 0.08
022 024 026 028 030 032 034 036 038
Xcg
Zogfc OEW -0.0?
Passengers take place FRONT - BEAR
Passengers take place REAR - FRONT
Calculator 1SA Unit Converter Return To YYeight
Main Meni
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- Weight and Balance:
B0000
T000
T0000 \
65000 \
M [kg] 60000 s
55000 ¢==&— —
LIl :=5=_ '3:
45000 %
40000
022 024 026 028 030 032 034 036 038
Xcg
B0000
75000
70000
65000
M [kg] 60000 \‘
00 | T AN
50000 --1:"""-‘:-' \
45000 "'E_______p
40000
020 025 030 035 040 045 050 055 060 065
Xcg
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ADAS Modules
- Payload Range:

% ADAS Program - A320 - [Payload-Range]

File 7
Weight Data Results
M op 42830 [ka] 20000 200
M Pazzengers 14250 [ka] 15000 —‘" 15D \
M el 8000 [ka] Mp 10000 N “
\\ N pass 100
M Fuel max 10385 [ka] S000 \\
50
Miow 265080 [kal . \\
i a 1000 2000 3000
Aerodynamic Data o
X [nm] (] 1000 2000 3000
G 0.0226 X [nm]
— CC -B- 1LCC
Oswald ’7
factor 075 — BR =& 1BR — CC = BR
Altitude 30000 [ft]
Mach @ |0.78 CL 0.41 B 12.7 X 18R 1647  [nm] Other Results
Speed [kts] | | CD (M=0) 0.03010 E max 15.8 X4 1527 [nm]
Engine Data ACD onn  [0.00236 E, 13.7 (. 0.12
Jet Driven ‘ CcD M 0.03246 Mach BR |0.78
TSFC |05 [Ibflb h] Speed BR |459.3 [kts] BR = Best Hange
CC = Choosed Condition
Calculate Calculator ISA Unit Converter
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5% ADAS Program - A320 - [Payload-Range]
File 7
Weight Data Results
Other Results
M OE 42830 [kg] The Cruize Range is been calculated with constant CL and constant ¥, o the Altitude will be different.
M Paszzengers 14250 [ka]
Choosed Condition Best Range
M Fuel 8000 [kg]
’7 34000.00 34000.00
M Fuel max 10385 [ka] e "
/ /
] Tow ﬂ ’W [k[_]] . 32000.00 - . 32000.00 —
Aerodynamic Data 30000.00 30000.00
q}u 0.0226 28000.00 28000.00
0.00 0.05 0.10 0.15 0.00 0.05 010 0.15
0?""’3"‘ 0755 Fuel Fraction Fuel Fraction
actor
Altitude 30000 [t]
Mach & |0.78 cL 0.41 Ece 12.7 X 1BR 1647 [nm]
Speed [kts] | | CD (M=0] 0.03010 E max 15.8 X3 1527 [nm]
Engine Data ACD comp 0.00236 Es 13.7 £ 012
Jet Driven | cD M 0.03246 Mach BR |0.78
TSFC |05 [Ibfib h] Speed BR |459.3 [kts] BR = Best Range
CC = Choosed Condition
Calculate | Calculator 15A Unit Converter
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ADAS Modules
- 3D view:

% ADAS Program - A320 - [3D View]

File ?

5=121.22
AR =95

b =33.94
MAC = 419
Lf = 37.565
Wi = 4.026
Sh = 31.52
ARh = 4.6
S¥ =215
ARv = 1.68

MAIN MENU
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CONCLUSIONS:

>

>

The software allows the conceptual design and a preliminary
analysis of the aircraft in less than 1 hour

The software Is USER FRIENDLY with many helps (but
also to be improved)

Many graphs helps user (students) with the comprehension
of theory which is behind and to get the feeling of the
obtained results

Some non-linear effects are included (pendular stability,
downwash, etc.)

Students can “play” with the software learning all the links
between separate performances and characteristics of the
airplane

The software can be also useful for researchers and people
from industry
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FUTURE DEVELOPMENTS:

>

>

The software will be commercialized next year (hopefully)
Optimization should be included

Obtaining new semi-empirical laws to be implemented to
enhance the software accuracy

(both through wind-tunnel tests or through 3D and 2D
aerodynamic analysis (panel methods) or CFD (NS)
calculations.
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THANKS for the ATTENTION
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