Design
5. Design
5.1 Introduction

Which propulsion to use? Which engine? Which propeller? What must the surface of the
wings, tails and fuselage be to ensure at the same time a sufficient lift and a good stability?
What will the empty weight of the aircraft be? What will its aerodynamic quality be? What will
its performances be during the various phases of the flight? Is it possible to respect the re-
quirements of the specifications? How to fulfill the constraints linked to the airworthiness re-
quirements? Is it necessary to consider a configuration with one or two engines...? There are
many questions to be answered.

The « Design » module will be used to answer all those questions efficiently and quickly.

PCA2000 deals with the design in three phases:

1.

Phase 1 or level 1 design: On the basis of a limited number of input data, the design de-
termines the aircraft geometry and the necessary power to reach the desired perform-
ances at the adaptation point (or main phase of the flight).

Phase 2 or level 2 design: The input data is more precise and more numerous than the
one necessary to carry out the previous phase. The user selects various components in
products databases (engine, airfoil profiles, tires...). The geometry of the aircraft as well
as its weight are updated on the basis of those new input data. The performances are
calculated for various flight phases: the take-off, the climb and the cruise. The results are
displayed in tables and graphs which are very easy to analyze.

Phase 3 or level 3 design: In opposition with the two previous levels, the level 3 design
determines the aircraft performances for a given weight and geometry. The aim of this
design is threefold:

a. To analyze the performances (take-off, climb and cruise) of a given aircraft for various
flight weight.

b. To visualize the effects of some modifications on a given aircraft (replacement of the
fixed landing gear by a retractable landing gear, modification of the surface of the
wing, re-engining, modification of the aerodynamic qualities, ...) in order to visualize
the effects of the modification on the whole system.

c. To define boundaries or limits beyond which the (new) development would not be jus-
tified anymore. To be able, for example, to quantify the effects of a change in the
maximum take-off weight on the general performances of the aircraft.

PCA2000 V2.5 1/60 User's manual
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5.3 Level 1 design

5.3.1 Description
To access the « Design » module, click on [Design], [Airplanes] then [Level 1] of the menu

bar in the main window. You can also access it directly by clicking on of the vertical tool-
bar.

Il
Sizing far ... |Mode| I Typel Gen layout I Accomodationl
- PCAZ000

Sizing the aircraft for :

— Powered flight pe es
) Takeoff run at aiven altitude
| W awimum rate of climb &t given altiude
1 Rate of climtat given speed and altiude
' Cruising speed at given altitude

€ Celling

— Gliding Flight perF
) WMiriirurm sink rate &t giver altitude
) Sink rate at given speed and|alitude
€ W awimurm glide ratio at giver alitude

) Glide ratio at given speed and|alitude

Cloze | < Back I Mext = | Compute

Figure 5.1 : Level 1 design (General)

If you have chosen to access the « Design » module via the control button , you might
have to specify the desired design level. This can be done via the status bar in the main win-
dow. Click on the indicated spot until the displayed number becomes 1.

| | | | [ en | st |2 |3 |3 |3 |2u0r200 | 183 él

Design level

Figure 5.2 : Status bar of the main window
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The acquisition of the input data is done via 10 specific windows:
Generalities
. Wing
Tails

Fuselage

1

2

3

4

5. Engine
6. Propeller

7. Performances
8. Weights

9. Aerodynamic
1

0. Options

Each window contains a certain number of fields that the user has to fill in in order to be able
to carry out the design. The gray fields are inaccessible and reserved for a different level
design than the one in progress.

Mext = < Back

To navigate within the windows, use the keys | “ or| || or the menu of the verti-

cal toolbar.
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5.3.2 Input data

5.3.2.1 Generalities

5.3.2.2 Wing

[$-General =10l
Sizing for ... | Model I Type I Gen.layout I Accomodation I
- PCAZ000
Sizing the aircraft for :
— Powered flight perf: es
€ Takeoff run at given altituds
€t awimurm rate of climb at given altitude
" Fate of climb at given speed and altitude
& Cruizing speed at given altitude
= Ceiing
— Gliding Fight perk
) Minimurm sink rate at given altitude
£ Sink rate at given speedland Sltitude
) W awimurm glide ratio at giver alitude
) Glide ratio at given speed and|alitude
Cloze | < Back I Mext = Compute
Figure 5.3 : Level 1 design (General)
§+ Wing {Avion1) 1 ] 3
- PCAZ000
HArea [me]
- Span [m]
% Aspect ratio 700 (-]
Longitudinal pozition an the fuselage [m]
Wertical pozition on the fuselage [m]
Incidence at root position [*1
Tzt ("1
Dihedral [l
Taper ratio [-]
Sweep angle at LE 4]
wing tank capacity I [
Airfoil ¢
Cloze | < Back I Mext = Compute

Figure 5.4 : Level 1 design (Wing)
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5.3.2.3 Tail units

‘r Tails {Avion1} _I- _ID ll
- PCAZ000
Tailz area / Wing area I 0300 [-]

Cloze | < Back I Mext » | Compute

Figure 5.5 : Level 1 design (Tail units)

During a level 1 design, according to the general configuration of the aircraft, the relative sur-
face of the tails includes the horizontal tail, the vertical one and the canard surface.

5.3.2.4 Fuselage

$+ Fuselage (Awion1) 1 ] 3
- PCAZ000
b axirnum Height 1,100 [m)
I awirnurn *fidth 1,200 [m)
Length 7000 [m]
Length of constant section 0,000 [m]
Formn coefficient [frant view) 0880 (-]
Form coefficient [side view) 2094 (-]

€ Straight fuselage
€ Tightened fuselage

Flanform area [frant view] I [ ]

Flanfarm area [zide view] [mE ]
Flanform area [top view] [mE]
Cloze | < Back I Mext = | Compute

Figure 5.6 : Level 1 design (Fuselage)
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5.3.2.5 Engine

4 engme aony il

- PCAZ000
Engine 1
Engine type :
|4 strokes air cooled [Lypcoming] d
Pawer comection cosfficient IW (=1
|t zwimum T akenff power operation
Engine accessories : Engine nacelle -
I~ | Gearboy [~ Wacelle
[ Tubocharger ™| Engine pod
Cloze | < Back I Mext » | Compute

Figure 5.7 : Level 1 design (Engine)

The objective of the level 1 design is to determine, amongst other things, the theoretic power
of the engine to reach the desired performances. At that design level, in order to be as ex-
haustive as possible, one does not choose a precise engine but an engine from a specific
technology from which the specific weight and consumption characteristics will be taken out.

21 different engine categories have been determined:
2T air cooled

2T air cooled (Rotax)

2T liquid cooled

2T liquid cooled (Rotax)

2T liquid cooled (2SI)

4T air cooled

4T air cooled (Jabiru)

4T air cooled (Lycoming)

© N o kR 0D

©

4T air cooled (Limbach/Sauer)

-
o

. 4T air & injection cooled

—
N

. 4T air & injection cooled (Lycoming)

N
N

. 4T air & turbo-injection cooled (Lycoming)

-
w

. 4T liquid cooled
. 4T liquid cooled (Rotax)

RN
N
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15. Diesel 2T air cooled
16. Diesel 2T liquid cooled
17. Diesel 4T air cooled
18. Diesel 4T liquid cooled
19. Rotational liquid cooled
20. Turbo-propeller

21. Jet engine

A statistical analysis has been carried out on all the engines belonging to a given category in
order to determine the evolution laws of the weight and specific consumption in accordance
with the rated power of the engine.

For a level 1 design, the propulsion weight as well as the quantity of fuel needed to fulfill the
given task are determined according to those rules.

5.3.2.6 Propeller

4 propeter avvonty i

— PCA2000
Mumber of blades :

Prapeller rpm 2700 [ témin )
% Max. propeller diameter 1,800 [m)
€ Mar Mach number at prop. tip 080 -

Cloze | < Back I Mext = | Compute

Figure 5.8 : Level 1 design (Propeller)
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5.3.2.7 Performances

4+ Performances {Avion1) ] b3

| Phaze de vol I

r PCA2000

Motor flight performances

Cruizing speed 2

s}
=

[km#h )
Cruising altitude 2400 [m]

General
i+ Best range

" Best endurance

Cloze | < Back I Mext » | Compute

Figure 5.9 : Level 1 design (Performances)

5.3.2.8 Weights

$+ Weight {(Avion1) =13
i General ;
- PCAZ000
‘Weight ratio :
Glider weight ratio I 0380 [-]
Useful load breakdown :
Crew Fi0 (kg .. foreach crew member
Freight 5.0 [kg] .. foreach crew member
Fuel load [kg]
“Water load [ka]
Cloze | < Back I Mext » | Compute

Figure 5.10 : Level 1 design (Weights)
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5.3.2.9 Aerodynamics

5.3.2.10 Options

‘r Aerodynamics (Avionl) ﬂ
- PCAZ000

& M aximum lift cosfficient 200 [-]

€ Wing lnading at masimum T akeoff [ kgdmf ]

€ wing loading at empty weight [ kgdmé |

Friction coefficient :

Powered flight ID,DD?DD [-1 at I 2400 [m]
Induced drag factor :

Induced drag factar I 0320 [-]

Cloze | < Back I Mext » | Compute
Figure 5.11 : Level 1 design (Aerodynamics)
JRI=IE
— PCA2000

+ Simple design
™ Optirnized design
r— Flight perfarmances

I~ | Takeoff iun

I™ | Speed|polar

I~ | Rate of climb

I~ | Ceiling

I~ | Landing

Cloze | < Back I et » | Compute

Figure 5.12 : Level 1 design (Options)

If your license allows it, you have the possibility to carry out an optimized design. In order to
do that, we invite you to refer to the chapter called « Optimized design » in the user’s man-

ual.
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As far as possible, the data is controlled during the introduction.

If, for example, the user introduces a negative value whereas the value can only be positive,
a warning message appears on the screen, the cell is reset and the cursor comes back to it.

PCA2000 V2.5 11/60 User's manual
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5.3.3 Calculations

In order to make the calculations, click on that appears on each data acquisition
window.

If some data is missing, a warning message appears on the screen, then, the acquisition
window that contains the blank cell appears on the screen as well and the cursor is posi-
tioned on the blank cell.

In order to obtain detailed information related to the algorithms used during the design proc-
ess, we invite you to consult the technical notes available on the PCA2000 website.

PCA2000 V2.5 12/60 User's manual
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5.3.4 Results

5.3.4.1 Introduction

Once the calculations are made, the results window is displayed automatically.

$+ Results {Avion1) o [ 5
i §!__,:| Performances |
— PCazo00
El | General :
GENERAL
Model Avionl
Classification Light Airplane
General Layout Conwentionnel
Acconodations 2 zikges en céte & cote
Airworthiness Requirements FAR Part 23
Aircraft Type Multipurpose
Power Plant Configquration One, Tractor, Fuselage mounted
Total Wetted Area 44,742 n?
WING
Area 11,061 m?
Span 5,799 m
Aspect ratio 7,00
Tetted area 19,418 w®
Ratio - Wing wetted areas vs Fuselage wetted area 1,043
Ratio - Wing wetted area ws Total wetted area 0,434 LI
Claze |

Figure 5.13 : Level 1 design (Results)

The first part contains all the information except that related to the performances. The sec-
ond part contains only the information related to the performances.

To display all the results:
1. Open the box by moving the mouse pointer on it,
2. Click on the option button called Generalities.

All the results are now displayed on the same sheet.

To display the results belonging to only one particular item:
1. Open the box

2. Click on the corresponding option button.

PCA2000 V2.5 13/60 User's manual
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5.3.4.2 Generalities

b resrsaviony i

il Perfoimances |
— PCA2000
EI | General : * General
 Wing
GENERAL  Tails
HModel
O
Classification Fusflage
General Layout C Engine
Accomodations 2 sitg  Propeller
Airworthiness Requirements ‘s \Weight

Aircraft Type
Power Plant Configuration One, Tractor, " Aeradynamics
Total Wetted Area

WING

Area

Span

Aspect ratio

Wetted area

Ratio - Wing wetted area ws Fuselage wetted area
Ratio - Wing wetted area ws Total wetted area

Close |

Figure 5.14 : Level 1 design (Generalities)

5.3.4.3 Performances

b renies aovony (i

General  Perfomances |

—PCazo00

EI Flight at design speed :

FLIGHT 4T DESIGN SPEED |
Flight speed 250 km/h
Flight weight 552,7 Ko
Flight altitude Z400.m
Power available 6&, 596 KW
Propeller rpm 2700 t/min
Propeller pitch angle 20,07
Propeller tip speed 950 km/h
Propeller - Mach number at propeller tip 0,793
Propeller efficiency 0,854
Propeller - Speed coefficient (J) 0,86
Propeller - Power coefficient (Cp) 0,040
Propeller - Torgque coefficient (Ct) 0,040
Propeller - Thrust (gross) 819 N
Propeller - Thrust (net) 795 N
Lift 5420 N |

Claze |

Figure 5.15 : Level 1 design (Performances)
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5.3.4.4 Print the results

To print the results, click on the control button in the toolbar in the main window.

5.3.4.5 Save the results

To save the results, click on the control button in the toolbar in the main window.

A message appears in the comments display area to inform you about the saving status.

5.3.4.6 Save the content of the display area

To save the content of the display area:
1. Click on one of the option button available in the box

2. Click on the control button located on top of the results display area.

A message appears in the comments display area to inform you about the saving status.

Two results files have been created :

1. The first one is a text file (format .rtf) that you can open with any word processing soft-
ware.

2. The second is a text file (format .csv) that you can open with any spreadsheet program
such as Excel for example.

PCA2000 V2.5 15/60 User's manual
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54 Level 2 design

5.4.1 Description
To reach the «Design» module, click on [Design], [Airplanes] then [Level 2] in the menu
bar in the main window. You can also reach it directly by clicking on in the vertical toolbar.

‘r General {Avion2) | _I- _ID ll
Model | Typel Gen.lapout I Ger.layout [cont) I Accomodationl
- PCAZ000
Madel :
[Bvion2

Classific:ation :
ILight Airplane j
General layout :
IEonventionaI j
Cloze | < Back I MNext » | Compute

Figure 5.16 : Level 2 design (General)

If you have chosen to reach the « Design » module via the control button , you might have
to specify the desired design level. This can be done via the status bar in the main window.
Click on the indicated place until the number displayed is 2.

| | | | | en [ st |2 [3 |3 |3 | osono0s | 183 él

Design level

Figure 5.17: Status bar of the main window

PCA2000 V2.5 16/60 User's manual



i,

7
N

< PCA2000
Design

The acquisition of the input data is done via 13 specific windows:

1. Generalities
2. Wing

3. Horizontal tail
4. Vertical tail

5. Fuselage

6. Landing gear
7. Engine

8. Propeller

9. Systems

10. Performances
11. Weights

12. Aerodynamic
13. Options

Each window contains a set of fields that the user must fill in in order to be able to proceed
with the design. The gray fields are not accessible and reserved for a different level design
than the one currently in use.

Mext > < Back

To navigate within the windows, use the | || or| | keys or the menu of the verti-

cal toolbar.

PCA2000 V2.5 17/60 User's manual
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5.4.2 Remarks

5.4.2.1 Determination of the maximum lift coefficient of a lifting surface

The determination of the magnitude of the maximum lift coefficient of a lifting surface is done
according to the methodology described by Dr. Jan Roskam in his book Airplane Design Part
VI, for simple flap, split flap, simple-slotted flap, double-slotted flap and Fowler flap.

5.4.2.2 The zero-lift drag coefficient (Cd0)

The zero-lift drag coefficient is calculated in relation with the wing area.

5.4.2.3 Propeller type

During a level 2 design, the propeller characteristics are determined only for fixed-pitch pro-
pellers or constant speed propellers but not for variable-pitch propellers. There is a simple
reason for this. It is impossible to know the extreme values of the propeller pitch before the
design is carried out. If the user wishes to consider the installation of a variable-pitch propel-
ler, he has to proceed in the following way:

1. Run a design using a constant speed propeller
2. Note the extreme values of the propeller pitch

3. Run a design using a fixed-pitch propeller and choosing a propeller pitch near the small
pitch to probe the performances of the aircraft at take-off and then, another pitch value for
the climb and the cruise.

PCA2000 V2.5 18/60 User's manual
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5.4.3 Input data
5.4.3.1 Generalities
‘r General {Avion2}) _I- _ID ﬂ
Model | T_l,lpel Gen.lapout I Gen.layout [cont) I Accomodationl
- PCAZ000

Model :

Classification :

ILight Airplane j

General lapout :

IEonventionaI =

Cloze | < Back I Mext = | Compute
Figure 5.18 : Level 2 design (General)
5.4.3.2 Wing
il
3 Aero. Dev. I TE Dev I

- PCAZ000
Hirea [ [ ]
) Span [m]
% Aspect ratio 9.00 [-]
Longitudinal pogition on the fuselage 2000 (%)
‘Wertical pozition on the fuselage [m]
Incidence at root pozition B ()
Twist 20 ("1
Dihedral B0 (7]
Taper ratia 0Eedl [-]
Sweep angle at LE 50 [*]
wing tank capacity I [
Airfol :
[NaCa 66(3)-218 4|

Cloze | < Back I Mext = | Compute

Figure 5.19 : Level 2 design (Wing)
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5.4.3.3 Horizontal tail

5.4.3.4 Vertical tail

‘r Horizontal tail {Avion2) ;Iglll
| Aerodynamic Devices I Elesator I
— PCA2000
Type:
IStabiIiser and elewator j
Tail area / wing area 015 (-]
Span [m]
Aspect ratio 6.0 [-]
Taper ratio 06D -]
Tail volume 0700 (-]
Relative incidence 20 1]
Sweep angle at LE 100 [*]
Tuwist I 0.8 [*1
Airboil ¢
NACE 65-009 =l
Cloze | < Back I Mext » | Compute
Figure 5.20 : Level 2 design (Horizontal tail)
‘r ¥Yertical tail {(Avion2) ;Iglll
(Tal ]
— PCA2000
Type:
IFin and rudder j
Tail area / Wwing area [-]
Span [m]
Agpect ratio [-1
Taper ratio 06D -]
Tail valume 0040 (-]
Sweep angle at LE I 350 [*]
Airfoil .
NACE 5-009 =l
Cloze | < Back I Mext » | Compute

Figure 5.21 : Level 2 design (Vertical tail)
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5.4.3.5 Fuselage

‘r Fuselage {Avion2) | = |EI|1|
e Cabin |
- PCAZ000
b aximurn Height I 1,200 [m]
b axirurn Wwidth 1,200 [m]
Length [m]
Length of constant section [m]
Farm coefficient [front view] 08s0 [-]
Form coefficient [zide view)] [-]
£ Shaight fuselage
' Tightened fuselage
Flanform area [front view] [mE ]
Flanfarm area [zide view] [me]
Flanform area [top view] [ ]
Cloze < Back I Mext » Compute

The length of the fuselage is calculated according to:

- The positions of the tail units and therefore the stability criteria

Figure 5.22 : Level 2 design (Fuselage)

- The dimension of the fuselage at the main bulkhead position in order to minimize the

drag of the fuselage

The wetted area of the fuselage is calculated on the basis of the generated geometry.

The longitudinal form factor is deducted from the calculated wetted area and the total

length of the fuselage.

PCA2000 V2.5
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5.4.3.6 Landing gear

‘r Landing gear (Avion2) _I- _ID ll
- PCAZ000
Location :
Longitudinal position I [m]
Shock absorber :
| ]
Tires :
IB.DD-B j ¥ Fairings
‘wiheel diameter 4445 [mm ]
wiheel width 160 [ mm ]
Main gear
’7 ™| Fetractablz gear
Cloze | < Back I Mext » | Compute

Figure 5.23 : Level 2 design (Landing gear)

The customer chooses the tires in a catalogue. This simple choice entails the immediate
knowledge of the wheels dimensions. Important criteria to determine the drag caused by the
various components of the landing gear. If the tire is not included in the proposed list, the
user chooses NA (non available) and inserts himself the dimensions of the wheel in the ap-

propriate spaces.
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5.4.3.7 Engine
4 engme (onzy i
0
Engine 1
Engine model :
[Frota 314 UL =l

Power conection coefficient IW [-1
[T Maximum T akeoff power operation

Engine 2

Enaine model :

|Fotas 914 LIL =l

Power correction coefficient I 1=l

™ Maximum T akeoff power operation

Engine accessories : Engine nacelle -
[” Gearbox ¥ | Hacelle
™| Twrbocharger ™| Engine pod
Cloze | < Back I Mext » | Compute

Figure 5.24 : Level 2 design (Engine)

The user chooses the engine he plans to use in a list of engines. This simple choice entails
the immediate knowledge of all the characteristics of the engine including its power curves
and its specific consumption curves.

BEWARE

If the engine is equipped with a reduction gear as it is the case with the Rotax 912 for exam-
ple, the characteristics of the reduction gear will have been specified in the engine data file
(cf. chapter 8 of the user’s manual).

At the level 2 design, the user has the possibility to give the characteristics of a reduction
gear that would be added to an engine which is not equipped with it. We could, for a specific
application for example, consider equipping an aircraft with an engine Lycoming O-320-B1B
and adding a reduction gear at the 1/1.245 ratio. The characteristics of this « external » re-
duction gear will have to be specified once we reach the Engine sheet of the level 2 design.

PCA2000 V2.5 23/60 User's manual
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5.4.3.8 The propeller

‘r Propeller {Avion2) | = |EI|1|
2000
Mumber of blades :
Type:
|Hydraulic constant speed j
Material :
IWood j
Blade prafile :
|Clark |
Elade zolidity I (-]
Fropeller rpm [ t/min |
% Max. propeller diameter 1,800 [m)
€ Max. Mach number at prop. tp [-]
Cloze | < Back I Mext » | Compute

Figure 5.25 : Level 2 design (Propeller)

The user chooses the type of propeller he plans to use,
- either a constant speed propeller,
- either a fixed-pitch propeller.

The choice of the propeller type will influence considerably the performances during the take-
off and the climb as well as the weight breakdown of the aircraft.

A constant speed propeller makes it possible to make the most of the engine power but is
heavier than a simple fixed-pitch propeller.

PCA2000 V2.5 24/60 User's manual
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5.4.3.9 Systems

‘t Systems (Avion2) | = |EI|5|
2000
tain Tank location :
Wing j
Cloze | < Back | Mext » | Compute

Figure 5.26 : Level 2 design (Systems)

5.4.3.10 Performances

‘t Performances {Avion2) | = IEIIﬂ

Sizing the aircraft for ...
- PCAZ000

Stall :

| wsvi)
Flight zpeed km/h 95
Flight altitude m 0
Cloze | < Back I Mext = | Compute

Figure 5.27 : Level 2 design (Performances)
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5.4.3.11 Weights

4+ Weight (Avion2) | B ] 53
al | Mass comection factor I Center of gravity I
r PCaz000

Useful load breakdown :

Crew 700 [kg] .. foreach crew member

Freight 5.0 [kg] .. foreach crew member

Fuel load [ka]

water load [kal

Cloze | < Back I MNest » | Compute

Figure 5.28 : Level 2 design (Weights)

The aircraft empty weight is calculated by adding the specific weights of the various compo-
nents of the aircraft. The weight of a component is calculated on the basis of its geometric
dimensions as well as on the maximum take-off weight of the aircraft.

In order to obtain detailed information about the algorithms used during the design, we invite
you to look at the various technical data sheets available on the PCA2000 website.

PCA2000 V2.5 26/60 User's manual
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5.4.3.12 Aerodynamics

‘r Aerodynamics (Avion2) ) ﬂ

r PCA2000

Friction coefficient :

Powered fight IU,DDBDD [-1 at I 2400 [m]

Induced drag factor :

Induced drag factar I 080 [-]

Cloze | < Back I Mext » | Compute

Figure 5.29 : Level 2 design (Aerodynamics)

5.4.3.13 Options

Il

Praceszsing |
— PCa2000
{* Simple design

= [Optimized design

— Flight performances
¥ Takedkf run
¥ Speed polar

auimum rate of climb

€ Rate of climb at T (k)
I~ | Ceiling
I~ | Landing mun

Cloze | < Back I et » | Compute

Figure 5.30 : Level 2 design (Options)
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As far as possible, the data is controlled during the introduction stage.

If, for example, the customer inserts a negative value while the value can only be positive, a
warning message appears on the screen, the cell is reset and the cursor is positioned on the
blank cell.
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5.4.4 Calculations

In order to make the calculations, click on _ e | that is displayed on each data acquisition
window.

If data is missing, a warning message appears on the screen, then, the acquisition window
that contains the blank cell is also displayed on the screen and the cursor is positioned on
the blank cell.

In order to obtain detailed information about the algorithms used during the design, we invite
you to consult the technical notes available on the PCA2000 website.
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5.4.5 Results

5.4.5.1

Once the calculations are made, the results window is automatically displayed.

Introduction

P Results (Avion2)

General |F‘erfo|mances | Speed palar I Graph I Balance I
— PCA2000

EI General :

GENERAL

HModel

Classification

General Layout
Acconodations
Airworthiness Requirements
Aircraft Type

Airframe

Wing Conficuration

Tail Conficuration

Power Plant Configquration
Landing Gear Conficuration
Length Overall

Total Wetted Area

WING
Area

Avion léger
Conventionnel

Multipurpose

Cantilewer, Low

T-Tail, Fuselage mounted

Two, Tractor, Wing mounted
Fixed, Nose, Fuselage mounted

]

Claze |

Figure 5.31 : Level 2 design (Generalities)

The first part contains all the information except the one related to the performances. The
second part contains only the information related to the performances.

To display all the results:

1. Open the box by moving the mouse pointer on it,

2. Click on the option button called Generalities.

All the results are

To display the results belonging to only one particular item:

1. Open the box

now displayed on the same sheet.

2. Click on the corresponding option button.
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5.4.5.2 Generalities

- PCA2000

il Perfoimances | Speed polar I Graph I Balance I

b Results (AvionZ) )

EI General :

GENERAL

HModel

Classification

General Layout
Accomodations
Airworthiness Requirements
Aircraft Type

Airframe

Wing Configquration

Tail Configuration

Power Plant Configuration
Landing Gear Configuration
Length Owverall

Total Wetted Area

WING
Area

T-Tail,
Twno, Trac
Fixed, HNoze,

& General
 Wing

" Horizontal tail
 Wegtical tai
" Fuselage
(" Landing gear
" Engine

" Propeller

" Systems
 weight

O Aerodynamics
" Stability

Close |

Figure 5.32 : Level 2 design (Selective display)

5.4.5.3 Performances

P Results (Avion2) )

General  Perfomances |Speed polar I Graph I Balance I

— PCAZ000

EI Flight at design speed :

FLIGHT 4T DESIGN SPEED
Flight speed

Flight weight

Flight altitude

Power available

Lift

Drag

Drayg - Zero lift drag

Drayg - Induced drag

Lift coefficient

Drag coefficient

Drag coefficient - Zero lift drag coefficient
Drag coefficient - Induced drag coefficient
Glide ratio

Specific drags
Zero lift drag coefficientcs

328 km/h

1014,

3 kg

2400.w
156,205 kW

9347 N
l4zz2 N
1331 N

91 N
0,21

0,03007
0,02815 (93,6%)
0,00192 (6,4%)

7,0

|»

]

Claze |

Figure 5.33 : Level 2 design (Performances)
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To save the content of the display area (tabs Generalities and Performances):

1. Click on one of the available option buttons on the box

2. Click on the control button =] located on top of the results display area.

A message appears in the comments display area to inform you about the recording status.

Two results files have been created :

1. The first one is a text file (format .rtf) that you can open with any word processing soft-
ware.

2. The second is a text file (format .csv) that you can open with any spreadsheet program
such as Excel for example.

5.4.5.4 3D Design
If your license allows it, you can access directly the 3D Module and look at a digital 3D
model consistent in every way with the results of the design.

The access to the 3D module is done by clicking on located in the upper left part of the
results window.

4+ PCAZOOD Plane Viewer | =10l x|

g 2lel@] glgag2lg] sl alalal e 1| w2 »

Figure 5.34 : Level 2 design (3D digital design)

To obtain all the useful information related to the 3D design, we invite you to look at the
chapter called 3D Module of the user’'s manual.
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5.4.5.5 Speed polar

o1
General I Perfoimances i | Graph I Balance I

fﬂ El Flight altitude : 0 m ||:| Zera lift drag - Main landing gear [LGMCAO] o

W kméh [ TM més| Pd kwi | TnN | DN | Rh ﬂ
2 0000 1470000 5110 0 0,024
5 0000 | 147,000 5074 0 0,047
7 0000 | 147,002 5037 0 0.071
10 0000 | 147,004 4333 0 0,034
12 0,000 | 147,008 4360 0 0116
15 0000 (147012 494 0 0138
17 0000 | 147017 4831 0 0,160
20 0000 | 147,024 484 0 0.1
22 0000 | 147031 4793 1] 0.202
24 0000 | 147033 4757 0 0.223
27 0000 1470480 4715 ] 0,243
29 0000 | 147068 4672 0 0.262
32 0000 | 147,070 4629 0 0.2
34 0000 | 147,082 4585 0 0,300
37 0000 | 147095 4542 0 0318 LI

Close |

Figure 5.35 : Level 2 design (Speed polar)

J=E]

|Graph I Balance I

General I Performances

fﬂ ﬂl Flight altitude : 0 m []Zera lift drag - Main landing gear [LGMCdO] d
[[] Zera lift drag - Ausiliary landing gear [LGACO]
Y kmih [ TH mis| Pd k[ T N | DN [ 550 R e
2 0000 147000 5110 [ Zera lift drag - Engine [cooling] [EngCdcool]
5 0,000 | 147,000 5074 [ Zera lift drag - Engine [mizc.] [EngCdmis]
7 0000 | 147002 5037 [[] Zera lift drag - Macelle [ENacCd0]
10 0,000 | 147004 4999 [[] Zera lift drag - Macelle [base) [ENacBasCdO]
12 0000 | 1470028 4960 [ Zera lift drag - Interference [OtherCdO]
15 | 0000 [ 147.012] 4921 S :”SUCES S'aﬂ i \T'\ggg[gvnggdi]
nduced diag - apsDic
iz D00 |147.017| 4581 [] Induced drag - Horizontal tail [HT CdL]
20| 0000 147024 4341 [ Induced diag - Vettical tail [VTCAL]
22 000n | 14702 | 4733 []Induced drag - Canard surface [CrdCdl]
24 0000 | 147033 4757 [ Induced drag - Fuselage [FusCdl]
27 0000 | 147048 4715 [ Induced diag - Main landing gear [LGMCAL]
29 0000 147,058 4672 [] Induced drag - Ausiliary landing gear [LGACL]
a2 0000 | 147070 4629 []Induced drag - Macelle [EMacCdL]
EN 0000 | 147082 4585 [] Propeller - Pitch angle [AC]
37 0000 147095 4542
An AAnn | 1aTann aanT

[] Propeller - rpm [n]

slo oo oooooooooooo
to oo oooooooooooo

Clase |

Figure 5.36 : Level 2 design (Selective display)
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The speed polar is determined at the sea level at standard atmosphere (Om, 15°C).

For each speed starting from 0 km/h to the maximum flight speed, the following data is given:
- Performances (rate of climb, climb slope and climb angle)

- Available power

- Traction of the propeller

- Drag (induced and specific)

- Drag coefficients (total, zero-lift, induced and specific)

- Propeller efficiency

- Propeller pitch angle

- Propeller coefficients (speed, power and torque)

Click on I to save the content of the spreadsheet in a file in the format .csv that you can
open with any spreadsheet program such as Excel for example.

A message appears in the comments display area to inform you about the recording status.

The file .csv is saved in the data directory

The name of the file .csv is defined SP- + number that corresponds to the date and hour of
the recording (for example SP-2005220933.csv).

To look at the information gathered in the table under the form of a graphic, click directly on
the tab [Graphic] or click on the button b positioned in the upper left corner of the table.
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5.4.5.6 Graphical display of the results

b reses avionzy i

General I Performances | Speed polar Balance I

- PC&2000
EI Thrust and Drag [0 m 7 1014.3 kg) :
Thrust and Drag
G000 T . -
5000 Propeller thrust
Diag
Zero lift drag
4000 \mduced drag
2 aom
gﬁ — M
= 2000 ———
\_Hh“‘*“ﬁ—h_‘_ —
1000 ————
2 |t |
] 40 a0 120 160 200 240 280 320
W [ kmsh)
#1598 kmdh | Yo ETIOM

Close |

Figure 5.37 : Level 2 design (Performances curves)

$+ Results {Avion2) =100
General I Perfoimances | Speed polar  Graph | Balance I
- PC&2000
EI Thrust and Drag [0 m # 1014.2 kg : " Rate of climb
Thrust and Drag € Fight slope
EO00 r r . " Path angle
5000 Propeller thrust _ ' Thiust and Drag
Diag " Power available
Zera lift drag " Power
4000 \Induced drag B
% 3000 " Propeller pitch angle
2. — T I " Propeller rpm
= " Propeller coefficients
EH
1000 ——
— " Zero lit drag coefficients
| =T
a ——— {" Induced drag coefficients
] 40 a0 120 160 200
W [ kmsh]
T e lvh | [V DE| performance display
Clase |

Figure 5.38 : Level 2 design (Selective display)
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5.4.5.7 Balance

b Results (AvionZ) = |E||1|
General I Performances | Speed polar I Graph Ealanc:e |
- PC&2000
Useful Load : Aircraft components :
CGec [m) | CG [ m) CGc[m) | CG [ m) ﬂ
Pilat 1.723 1.729 “wing 2154 2154
Fazsenger 1,729 1.729 Horizontal tail el 7.351
Faszenger 2 2579 2579 WVertical T ail E.914 E914
Passenger 3 2,579 2,579 Fuzelage 2,892 2892
Freight 2,154 2,154 Main landing gear 2,681 231
Fuel 2,156 2,156 Auziliary landing gear 0,300 0,300
Engine(1] 1.573 1573
Engine(2) 1.573 1573
Macelle[1] 2,303 2,309
Macelle[2] 2,308 2309| = |
—Centre of gravity positions
e o o o
MAC R
Close |

Figure 5.39 : Level 2 design (Balance)

The location of the CG of the individual subassemblies as well as the aircraft CG are auto-
matically computed. The datum line is at the most forward point of the aircraft.

The table on the left hand side shows a breakdown for the payload. The table on the right
hand side shows a breakdown for the subassemblies of the aircraft (wing, empennage,...).

In each table, the second column from the right (grey background) contains values which
have been automatically calculated by PCA2000. Nevertheless, the values in the right hand
column (white background) can be specified by the user and are used for further analysis. By
default, the values are set equal to those calculated.

The lower part of the window shows a graphical presentation. The CG of the individual sub-
assemblies are plotted as an amber circle along a line which corresponds to the length of the
aircraft. Payload items are plotted as green squares.

The aircraft CG is shown by blue circles along a line of which the length corresponds to the
Mean Aerodynamic Chord (MAC) of the wing. The aircraft CG is calculated and shown for 2
critical loading cases, i.e. one at the maximum weight and the other at the minimum weight.

Two vertical marks indicate the forward and aft CG position which are determined by ma-
noeuvrability and stability criterions respectively. The loaded aircraft CG must fall within this
CG range for all loading conditions.

Moving the mouse pointer over the plot will pop up the local coordinates as well as a refer-
ence to the selected subassembly.
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To save an image from the graphic click on the control button B (ocated on top of the
graphic.

A message appears in the comments display area to inform you about the recording status.

Two image files have been created:

1. The first one in .bmp format

2. The second one in .jpg format

The different results that can be displayed under a graphic format are:
- The performances

- Rate of climb

- Climb slope

- Climb angle

- Thrust and drag

- Available power

- Powers

- The propeller coefficients
- Propeller pitch angle

- Propeller rpm

- Specific drag coefficients
- Zero-lift drag coefficients

- Induced drag coefficients
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5.4.5.8 Print the results

To print the results, click on the control button =] in the toolbar in the main window.

5.4.5.9 Save the results

To save the results, click on the control button [&l in the toolbar in the main window.

A message appears on the screen in the comments display area to inform you about the re-
cording status.
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5.5 Level 3 design

5.5.1 Description
To reach the «Design» module, click on [Design], [Airplanes] then [Level 3] in the menu
bar in the main window. You can also reach it directly by clicking on in the vertical toolbar.

‘r General {Avion3}) | _I- _ID 5'
Model | Type I Gen.layout I Gen.layout [cont) I Accomodationl
— PCA2000
Maodel :
|Avion3 j
Classification :
ILight Airplane j
General layout :
IConventionaI j
Cloze | < Back | Mext » | Compute

Figure 5.40 : Level 3 design (General)

If you have chosen to reach the « Design » module via the control button , you might have
to specify the desired design level. This can be done via the status bar in the main window.
Click on the indicated place until the number displayed is 2.

| | | | | en [ st |2 [3 |3 |3 | osono0s | 183 él

Design level

Figure 5.41: Status bar of the main window
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The acquisition of the input data is done via 13 specific windows:

1. Generalities
2. Wing

3. Horizontal tail
4. Vertical tail

5. Fuselage

6. Landing gear
7. Engine

8. Propeller

9. Systems

10. Performances
11. Weights

12. Aerodynamic
13. Options

Each window contains a set of fields that the user must fill in in order to be able to proceed
with the design. The gray fields are not accessible and reserved for a different level design
than the one currently in use.

Mext > < Back

To navigate within the windows, use the | || or| | keys or the menu of the verti-

cal toolbar.
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5.5.2 Remarks

5.5.2.1 Determination of the maximum lift coefficient of a lifting surface

The determination of the magnitude of the maximum lift coefficient of a lifting surface is done
according to the methodology described by Dr. Jan Roskam in his book Airplane Design Part
VI, for simple flap, split flap, simple-slotted flap, double-slotted flap and Fowler flap.

5.5.2.2 The zero-lift drag coefficient (Cd0)

The zero-lift drag coefficient is calculated in relation with the wing area.

5.5.2.3 Propeller type

During a level 3 design, the propeller characteristics are determined for fixed-pitch propellers,
variable pitch propeller and constant speed propellers.
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5.5.3 Input data
5.5.3.1 Generalities
‘r General {Avion3}) _I- _ID 5'
Model | Type I Gen.layout I Gen.layout [cont) I Accomodationl
— PCA2000
Maodel :
|Avion3 j
Classification :
ILight Airplane j
General layout :
IConventionaI j
Cloze | < Back | Mext » | Compute
Figure 5.42 : Level 3 design (General)
5.5.3.2 Wing
ol
Aero. Dev. I TE Dev I
— PCA2000
Area 8,000 [m?)
Span 10,000 [m)
Longitudinal position on the fuselage I 25800 [m]
Wertical position on the fuselage I 0,000 [m]
Incidence at root pozition 10 [°]
Twist 20071
Dihedral ED [*]
Taper ratia 1.00 [-]
Sweep angle at LE 00 [*]
‘Wwing tank capacity I 0[]
Airfoil :
[NLF(T}0416 =l
Cloze | < Back | Mext > | Compute

Figure 5.43 : Level 3 design (Wing)
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5.5.3.3 Horizontal tail

4§+ Horizontal tail (& 10| x|
§| Aerodynamic Devices I Elewvatar I
— PCA2000

Type:

Stabilizer and elevatar j

Area 2065 [mf]

Span 3520 [(m)

Azpect ratio B0 (-]

Taper ratio 1000 [-]

Longitudinal posgition on the fuselage 5363 [m)

Wertical position on the fuselage 0500 [m]

Relative incidence 20007

Sweep angle at LE 100 (%]

Tzt 0o o[*l

Airfail :

NACA BE-009 |

Cloze | < Back | Mext » | Compute
Figure 5.44 : Level 3 design (Horizontal tail)
5.5.3.4 Vertical tail
4§+ vertical tail {Avi B ] [
 FCA2000

Type :

Fir and rudder A
Area 1,376 [nf)

Span 1173 [m]
Aszpect ratio 100 (-]
Taper ratio 040 [-]
Longitudinal pozition on the fuselage 5136 [m]
Sweep angle at LE I /O[]
Airfoil :

NACA B5-009 |

Cloze | < Back | Mext » | Compute

Figure 5.45 : Level 3 design (Vertical tail)
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5.56.3.5 Fuselage

‘t Fuselage {(Avion3) | = |EI|5|
General i Cabin I
— PCA2000
I axirunn Height 1100 [m]
I axirnunn 'width 1100 [rm]
Length FOE1 [m)
Length of constant section 0,000 [m]
Farmn coefficient [front view] 0950 (-]
Form coefficient [zide wiew)] 2742 [-]
% Staight fuselage
' Tightened fuselage
Flanform area [front view)] 1.254 ()
Planfarm area [zide view] 0000 ()
Flanform area [bop view] 0000 [ mé)
Cloze | < Back | Compute

Figure 5.46 : Level 3 design (Fuselage)
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5.56.3.6 Landing gear

o) x|

i}
Location :
| I7
Longitudinal pozition I 3000 (m)
Shock absorber :
| I
Tires
IE_DD.B j ¥ Fairings
‘wheel diameter I 4445 [rmm |
wiheel width I 1E0 [ rm ]

Main gear
’7 I~ | Rietractable gear,
Cloze | < Back | Mext » | Compute

Figure 5.47 : Level 3 design (Landing gear)

The customer chooses the tires in a catalogue. This simple choice entails the immediate
knowledge of the wheels dimensions. Important criteria to determine the drag caused by the
various components of the landing gear. If the tire is not included in the proposed list, the
user chooses NA (non available) and inserts himself the dimensions of the wheel in the ap-

propriate spaces.
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5.5.3.7 Engine

b oameavonsy i

0
Engine 1

Enaire model :

|Fotax 512 LIL |

Paower comection cosfficient I 1.00 (-]

[T Masimum T akeoff power operation

Engine accessories : Engine nacelle :
[~ Gearbox ™| Hacelle
= Turbochanger I” | Engitie ped

Cloze | < Back | Mext » | Compute

Figure 5.48 : Level 3 design (Engine)

The user chooses the engine he plans to use in a list of engines. This simple choice entails
the immediate knowledge of all the characteristics of the engine including its power curves
and its specific consumption curves.

BEWARE

If the engine is equipped with a reduction gear as it is the case with the Rotax 912 for exam-
ple, the characteristics of the reduction gear will have been specified in the engine data file
(cf. chapter 8 of the user's manual).

At the level 3 design, the user has the possibility to give the characteristics of a reduction
gear that would be added to an engine which is not equipped with it. We could, for a specific
application for example, consider equipping an aircraft with an engine Lycoming O-320-B1B
and adding a reduction gear at the 1/1.245 ratio. The characteristics of this « external » re-
duction gear will have to be specified once we reach the Engine sheet of the level 3 design.
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5.5.3.8 The propeller

I

| Dimenzions principales I
 PCA2000

Mombre de pales :

=

Type :
|A vitesse constante hydrauligue

I atériaux :
IBois

Profil de pale :
|Clark

Factzur d'activité

(-]

Witesse de rotation [ Emin ]
[m]

% Mombre de Mach masimum (=]

= Diamétre maximum

M add

Fermer | < Précédent | Suivant » | Calculer

Figure 5.49 : Level 3 design (Propeller)

The user chooses the type of propeller he plans to use,
- either a constant speed propeller,
- either a fixed-pitch propeller.

The choice of the propeller type will influence considerably the performances during the take-
off and the climb as well as the weight breakdown of the aircraft.

A constant speed propeller makes it possible to make the most of the engine power but is
heavier than a simple fixed-pitch propeller.
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5.5.3.9 Systems

‘t Systémes (Avion3) |

(o x|
- PCA2000
Capacité totale de carburant OO0
Carburant inutilizable ol
Fosition des réservoirs principaus :
Jaile |
Ferrner | < Précédent | Suivant » | Calculer
Figure 5.50 : Level 3 design (Systems)
5.5.3.10 Performances
4§+ Performances (Avion3) i =101 x|
— PCA2000
Takeoff :
ode 1
Flight altitude m u]
Fiaotation speed kmnih 100
TED - Deflection * 0.0
Furwway - Slope kS 0.0
Rurwway - Type Aizphalt
Headwind kmh 0
Cloze | < Back | Mext > | Compute

Figure 5.51 : Level 3 design (Performances)
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5.5.3.11 Weights

4 Weight {Avion3) } I |1 |
| Mass comection factar I Center of gravity I
— PCA2000
General :
I axirnumn T akeoff weight 535.0 [kag]
Flight weight 5350 [ka)
Useful load breakdown -
Crew [kg] .. for each crew member
Freight [k ... for each crew member
Fuel load 509 [ka)
Wwhater load [kal
Cloze | < Back | Mext » | Compute

Figure 5.52 : Level 3 design (Weights)

Unlike the 2 preceding levels of design, the design of level 3 determines the performances of
the airplane for a given flight mass.

The aircraft empty weight is calculated by adding the specific weights of the various compo-
nents of the aircraft. The weight of a component is calculated on the basis of its geometric
dimensions as well as on the maximum take-off weight of the aircraft.

In order to obtain detailed information about the algorithms used during the design, we invite
you to look at the various technical data sheets available on the PCA2000 website.
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5.5.3.12 Aerodynamics

5.5.3.13 Options

‘r Aerodynamics {Avion3) 5[
Friction coefficient :
Powered flight IU,DDBDD [-] at I 2400 [m]
Induced drag factor :
Induced drag factar I 080 -]
Cloze | < Back | Mext » | Compute
Figure 5.53 : Level 3 design (Aerodynamics)
=
— FCA2000

{+ Simple design
" Optimized design
— Flight perfarmances

¥ Takeaff run

¥ Speed polar

Iv¥ Rate of climb

£+ Maximum rate of climb
" Rate of climb at I [kmdh]
I™ | Ceiling
I~ Landing run
Cloze | < Back | [ent » Compute

Figure 5.54 : Level 3 design (Options)

If your license allows it, you have the possibility to carry out an optimized design. In order to
do that, we invite you to refer to the chapter called « Optimized design » in the user’s man-

ual.
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5.5.4 Calculations

In order to make the calculations, click on _ e | that is displayed on each data acquisition
window.

If data is missing, a warning message appears on the screen, then, the acquisition window
that contains the blank cell is also displayed on the screen and the cursor is positioned on
the blank cell.

In order to obtain detailed information about the algorithms used during the design, we invite
you to consult the technical notes available on the PCA2000 website.
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5.5.5 Results

5.5.5.1 Introduction

Once the calculations are made, the results window is automatically displayed.

P Results (Avion3)

General |F‘erfo|mances | Speed palar I Graph I Balance I

— PCA2000

EE

EI General :

GENERAL

HModel

Classification

General Layout
Acconodations
Airworthiness Requirements
Aircraft Type

Airframe

Wing Conficuration

Tail Conficuration

Power Plant Configquration
Landing Gear Conficuration
Length Overall

Total Wetted Area

WING
Area

hyvion3

Light Airplane

Conventional

2 seats in side by side

JAR-VLA

Multipurpose

Composite

Cantilever, Rectancular, Unswept, Low
Cruciform, Fuselage mounted

One, Piston, Tractor, Fuselage mounted
Fixed, Nose, Fuselage mounted

7,061

48,639 w®

G000 n*

]

Claze

Figure 5.55 : Level 3 design (Generalities)

The first part contains all the information except the one related to the performances. The
second part contains only the information related to the performances.

To display all the results:

1. Open the box by moving the mouse pointer on it,

2. Click on the option button called Generalities.

All the results are now displayed on the same sheet.

To display the results belonging to only one particular item:

1. Open the box

2. Click on the corresponding option button.
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5.5.5.2 Generalities

b Results (Avion3) ) ;IE

General |Perf0|mances | Speed polar I Graph I Balance I

— PCA2000
EI General :
 Wing
GENERAL " Horizontal tail
Modal. . 3  Wertical tail
Classification
General Layout " Fuselage
Acconodations 2 seat (" Landing gear
Airworthiness Requirements 's it
Aircraft Type
Lirframe " Propeller
Wing Configquration Cantilever, Rectangu { Systems
Tail Configuration Cruciform, = ..o
Power Plant Configuration One, Piston, Tractor, .
Landing Gear Configuration Fixed, HNose, O Aeradynamics
Length Owerall " Stability
Total Wetted Area
WING
Area

Close

Figure 5.56 : Level 3 design (Selective display)

5.5.5.3 Performances

$+ Results {Avion3) ==
General  Perfomances |Speed polar I Graph I Balance I
—PCazo00

El | Flight at design speed :

FLIGHT 4T DESIGN SPEED =
Flight speed ZZ0 km/h
Flight weight 535,0 Ko
Flight altitude Z400.m
Power available 44,695 KW
Engine relative power 7.4
Engine rpm 5500 t/min
Propeller rpm 2423 t/min
Propeller pitch angle 26,8°
Propeller tip speed 720 kn/h
Propeller - Mach mumber at propeller tip 0,604
Propeller efficiency 0,834
Friction coefficient (cf) 0,00600
Lift 5247 N
Drag 595 N
Drag - Zero lift drag 5300 x|

Claze

Figure 5.57 : Level 3 design (Performances)
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To save the content of the display area (tabs Generalities and Performances):
1. Click on one of the available option buttons on the box

2. Click on the control button Il located on top of the results display area.
A message appears in the comments display area to inform you about the recording status.

Two results files have been created :
1. The first one is a text file (format .rtf) that you can open with any word processing soft-

ware.

2. The second is a text file (format .csv) that you can open with any spreadsheet program
such as Excel for example.
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5.5.5.4 Speed polar

4 rests avaonzy G
General I Perfoimances Speed polar | Graph I Balance I
fﬂ El Flight altitude : 0 m ||:| Zera lift drag - Main landing gear [LGMCAO] o
W kméh [ TM més| Pd kwi | TnN | DN | Rh ﬂ
2 0000 | 58000 1537 0 o007
4 0000 | 68000 1536 0 0,033
7 0000 | 58001 1534 0 0,050
3 0000 | 58001 1533 0 0,066
1 0,000 | 58002 | 1531 0 0,083
13 0000 | 58004 1529 0 0,053
15 0000 | 68005 | 1527 0 0116
17 0000 | 58007 1524 0 0132
20 0000 | 5500 1522 0 0148
22 0000 | 5802 1518 0 0164
24 0000 | 585 1515 0 0180
26 0000 | B8 1512 0 0156
28 0000 | 58022 1508 0 0212
3 0000 | 58026 1504 0 0228
33 0000 | 58.030 0 1453 0 0243 il
Close
Figure 5.58 : Level 3 design (Speed polar)
$+ Results {Avion3) : =[]
General I Performances | Graph I Balance I
fﬂ ﬂl Flight altitude : 0 m 1 Zera lift drag - Main landing gear [LEMCAO] d
[[] Zera lift drag - Ausiliary landing gear [LGACO]
¥ kb | TM mis|Pe k' | ToN | DN | 459700 it drag - Engine Ergte]
2 0000 | 58,000 | 1537 g 0 [ Zera lift drag - Engine [cooling] [EngCdcool]
4 0000 | 58000 ) 1936 0 0[] Zern lift drag - Engine [mise: ] [EngCdmis]
7 0000 | 53001 | 1534 0 0[] Zera lift drag - Macelle [ENacCdAn]
3 0000 | 58001 0 1533 0 0)[] Zero lift drag - Macele [base) [EMacBasCd0]
11 0000 | RLO02 | 153 ] 0] Zera lift drag - Interference [OtherCdo]
13| 0000 | 50004 1529 | 0 0 S:”SUCES S'aﬂ'\{\ggguf:\;\’”ggdbll_l
nduced diag - apsDic
L D00 | 58,005 | 1527 L C [] Induced drag - Horizontal tail [HT CdL]
17 0000 88007 | 1524 | 0 | 4P \nduced diag - Verisdl tal VTCdL]
20 nonn | 580 1522 0 I []Induced drag - Canard surface [CrdCdl]
22 0000 | 58012 1518 0 0[] Induced diag - Fuselage [FusCdL]
24 n00oon | 53015 | 1515 0 0)[] Induced diag - Main landing gear [LGMCdL]
26 0000 | 58018 | 1512 0 0[] Induced diag - Ausiliany landing gear [LGACL]
28 0000 | 58022 1508 0 )] Induced drag - Macelle [EMNacCdL]
7| oooo | sa06 1504 | 0 o|dd E'Dpe::e' - Pitch angle [4C]
3 | 000 580 e | o | g Eeeeleeminl
= o T =

Clase

Figure 5.59 : Level 3 design (Selective display)
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The speed polar is determined at the altitude given for the climb performance.

For each speed starting from 0 km/h to the maximum flight speed, the following data is given:
- Performances (rate of climb, climb slope and climb angle)

- Available power

- Traction of the propeller

- Drag (induced and specific)

- Drag coefficients (total, zero-lift, induced and specific)

- Propeller efficiency

- Propeller pitch angle

- Propeller coefficients (speed, power and torque)

Click on I to save the content of the spreadsheet in a file in the format .csv that you can
open with any spreadsheet program such as Excel for example.

A message appears in the comments display area to inform you about the recording status.

The file .csv is saved in the data directory

The name of the file .csv is defined SP- + number that corresponds to the date and hour of
the recording (for example SP-2005220933.csv).

To look at the information gathered in the table under the form of a graphic, click directly on
the tab [Graphic] or click on the button b positioned in the upper left corner of the table.
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5.5.5.5 Graphical display of the results

b Results (Avion3) ;IE

General I Performances | Speed polar  Graph | Balance |
- PC&2000
EI Thrust and Drag [0 m # 535.0 ko) :

Thrust and Drag

1750
1500 _\\x
12480
1000 Propeller thrust
g Drrag
[ TR Zero lift drag
= Induced drag /
500 e —
260
_,—'—’_'_F'_H— _\-H_\-\—__\_\__\_‘—;
]
] 40 a0 120 160 200 240
W [ kmsh)
#: 119 kmdh | 878 Tk (1]

Close

Figure 5.60 : Level 3 design (Performances curves)

$+ Results {Avion3) =[]
General I Performances | Speed polar  Graph | Balance I
- PC&2000
EI Thrust and Drag [0 m 7 5350 kg] : " Rate of climb
Thrust and Drag € Flght slope
1780 " Path angle
o
1500 Thrust and Drag
_\_\ " Power available
1250 " Power
1000 Propeller thrust
% [irag " Propeller pitch angle
o 750 Zero lift drag € Propeller ipm
= Induced diag o
500 " Propeller coefficients
— =
=0 — ! " Zero lift drag coefficients
a € Induced drag coefficients
i 40 a0 120 160
W [ kmsh] .
% ZEa kh I I History
Clase

Figure 5.61 : Level 3 design (Selective display)
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5.5.5.6 Balance

$+ Results (Avion3) : =[]
General I Performances | Speed polar I Graph Ealanc:e |
- PC&2000
Useful Load : Aircraft components :
CGec [m) | CG [ m) CGc[m) | CG [ m) ﬂ
Pilat 2075 237 “wing ) 2,379
Fazsenger ans 2,379 Horizontal tail 5,634 5,694
Freight 2379 2373 Vertical T ail 5,686 5,686
Fuel 2,379 2,379 Fuzelage 255 2515
Main landing gear 3.000 3,000
Auziliary landing gear 0,500 0,500
Engine(1] 0,367 0367
Fropellzn1] 0135 0135
Fuel system A 2379
Control spstem 2538 2,539:'
—Centre of gravity positions
o
MAC | ee——]|
Close

Figure 5.62 : Level 3 design (Balance)

The location of the CG of the individual subassemblies as well as the aircraft CG are auto-
matically computed. The datum line is at the most forward point of the aircraft.

The table on the left hand side shows a breakdown for the payload. The table on the right
hand side shows a breakdown for the subassemblies of the aircraft (wing, empennage,...).

In each table, the second column from the right (grey background) contains values which
have been automatically calculated by PCA2000. Nevertheless, the values in the right hand
column (white background) can be specified by the user and are used for further analysis. By
default, the values are set equal to those calculated.

The lower part of the window shows a graphical presentation. The CG of the individual sub-
assemblies are plotted as an amber circle along a line which corresponds to the length of the
aircraft. Payload items are plotted as green squares.

The aircraft CG is shown by blue circles along a line of which the length corresponds to the
Mean Aerodynamic Chord (MAC) of the wing. The aircraft CG is calculated and shown for 2
critical loading cases, i.e. one at the maximum weight and the other at the minimum weight.

Two vertical marks indicate the forward and aft CG position which are determined by ma-
noeuvrability and stability criterions respectively. The loaded aircraft CG must fall within this
CG range for all loading conditions.

Moving the mouse pointer over the plot will pop up the local coordinates as well as a refer-
ence to the selected subassembly.
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To save an image from the graphic click on the control button B (ocated on top of the
graphic.

A message appears in the comments display area to inform you about the recording status.

Two image files have been created:

1. The first one in .bmp format

2. The second one in .jpg format

The different results that can be displayed under a graphic format are:
- The performances

- Rate of climb

- Climb slope

- Climb angle

- Thrust and drag

- Available power

- Powers

- The propeller coefficients
- Propeller pitch angle

- Propeller rpm

- Specific drag coefficients
- Zero-lift drag coefficients

- Induced drag coefficients

PCA2000 V2.5 59/60 User's manual



P

(A2000

Design

5.5.5.7 Print the results

To print the results, click on the control button =] in the toolbar in the main window.

5.5.5.8 Save the results

To save the results, click on the control button [&l in the toolbar in the main window.

A message appears on the screen in the comments display area to inform you about the re-
cording status.
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