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Goals of the classes

Design stages

— Conceptual design
« Purposes
— Define the general configuration (tail or canard, high or low wing, ...)
— Analyze the existing technologies
— Estimate performances for the different flight stages

— Accurate estimation of the total weight, fuel weight, engine thrust, lifting
surfaces, ...

« How
— Limited number of variables (tens): span, airfoil profile, ...
— Accurate simple formula & abacuses
— Preliminary study
» Higher number of variables (hundreds)
« Starting point: conceptual design
* Numerical simulations
— Detailed study
« Each component is studied in details

w\ . . . 5
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Fuselage

 Cross-section

— Seat width
« Economy: ~20 inches*
*1 inch = 2.54 cm
* Business: ~24 inches
* First: ~26.5 inches -
— Aisle width S
« Economy: ~19 inches ;5
* Business: ~19 inches
» First: ~21 inches
— Fuselage thickness

« ~ 4% of H;

Int

%‘ ]
- 2013-2014 '

Aircraft Design — Conceptual Design 3 e U



Fuselage

Cross-section (2) Premier I

— Other arrangements
» Business jets
— More freedom

 Elliptic section
— A380

* Non-pressurized cabin

— Rectangular o
cross-section
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Fuselage

* Length
. FuzeLength
- Seat pltCh " Pilat FwdSpace Seat AftSpace
Length | Pitch NZeats |

« Economy: ~34 inches

* First: ~40 inches FEEEREEREEE EEEEBEERE]
— Toilets ' ’

CabinLength

Moselength TailConelength

» Length: ~38 inches
« >1 per 40 passengers

— Pressurized cabin can extend back in the talil
» Different seat layouts

« Shortens the plane length (reduced weight)

gt = = femuBsin Iyl ai [ lm]nil i

187 passengers {12 lirst class, 35 business class, 140 economy class)
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Fuselage

« Length (2)
— Doors
» Type |: ~36 inches
* Type Il: ~20 inches
 Type lll & IV: ~18 inches

HUMBER OF EXITS REQUIRED

H
SEATING CAPACITY ON EACH SIDE OF THE PUSELAGE
{EXCL. CABIN STAFF)
. TYPE I |TYPE 1II |TYPE ILI{TIVPE IV
4 tloar level
‘ I through 19 - - - 1
TYPE I AND II 11 through 19 - - b -
r ) 20 through 39 - 1 - 1
. 40 through 59 1 - - i
' i o M 60 through 79 1 - 1 -
t , 80 chrough 109 ! - I 1
2 h; 110 through 139 ] - i -
ing level
& - 140 through 179 2 - 2 -
TYPE III AND TR
). L7 [ 1
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Fuselage

* Length (3) S oicel Traneport Avrcraft snapes
— Ratio nose length/diameter N, " I
« >1.5 due to pressurization
« Large enough to avoid divergence
— Ratio tail length/diameter Ag .

A S SO S SO
» Closure angle ~28-30° : HosaLeg
» Upsweep ~ 14°: rotation during take off

a

Mpsiw

1.5 2. 23 z0

1.0 ]
Ne = Nose Length/D

Upsweep

« Part of the tail can be pressurized
and used for the payload

Afterbody Drag
Base Drag

5 1.0 1.5 2.0 25
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Fuselage

) FuzelLength
e Method " Pilot FwdSpace Seat ot AftSpace
Length |-—-| Fitch eats b
|
— Inputs |
Nseats’ layOUt1 NF’ AF’ i )
- O Utp UtS NngeLength1 EabinLength ) TailConelength
« Shape

heightfus:WidtthS: Hext
lengthy, , = lengthy, 4, + heighty, , * (Ap + Ng)

height? ,
N : . - et fus 1 A2
Stuswetted = lengthbocb___ heighty, . 7™+ 7 1 1+ 4A% +
cylindre C-(,;):le
- 1
142 arcsin , /1 — ==
7 heightg . \/ AN
| i fus {1 4+ 2Np d

1/2 prolate
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Wing

o Airfoils

— Which one?
* Minimum drag during cruise
* Depends on Reynolds number R =Uc /v
— Properties
- Airfoil lift coefficient ¢; = ¢, [0 — ]
* Pitching moment .
. dep,
— Aerodynamic centre —
C)C;

=0

Tqc

— Moment around ac ~ constant at low attack angle o

A

| m >0

P

A4
I\ac
12
camber line
j‘c“l N _ | chordiline_ _

- Cimacx

A
¥

chord, ¢
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Wing

« Airfoils (2)
— Empirical formula
* Lift coefficient ¢, , ~ 6.1 (if t/c ~10-20 %)
« Zero-lift angle of attack (in °)
— ap, = {—%cambrure, —4c¢;;, —6¢;;} for {NACA-4, 5, 6} airfoils

— Design coefficient ¢;, ~ 0.4

("I]] ax

* Moment (low a): ¢,, ~ —7

:{Emax

A
¥

chord, ¢
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Wing

+ Airfoils (3)
— Numerical methods
» Do not predict stall velocities
 Panda (be careful: if |c | > |c,*| then the solution is not accurate)

— http://adg.stanford.edu/aa241/airfoils/panda.html

— http://www.desktopaero.com/manuals/PandaManual/PandaManual.html

» Xxfoll

— http://web.mit.edu/drela/Public/web/xfoil/

— Experimental methods

e Curves on next slides

- E; 2013-2014 ;
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Wing
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Moment coefficient, Crme/s

Wing

NACA 0012
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« NACA 1410
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Wing

« NACA 2415
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Wing

« NACA 64208
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Wing

. NACA 64,-012
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Wing

. NACA 64,-112
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. NACA 64,-212
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Wing

. NACA 64,-412
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Wing

NASA SC(2)-0012 (0.8 Mach - supercritical)
— No experiment close to stall
— http://ntrs.nasa.gov/search.jsp?N=0

.6

_— 2013-2014
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Wing

« NASA SC(2)-0714 (0.75 Mach - supercritical)
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O jui transports and executives

Geometry o o oropatier sircras
. " & subsonic dalla wings
— Malin parameters ), N * int wainers
« Span b=2s \_ B
. : — b2S ~ 7- N\ [ UNTWISTED WINGS {NACA TR 92i)
Aspect ratio AR = b?%/S ~ 7-9 :
« Total (gross) area S \.\ s O
* Taper ratio 4 = CplCroqr R
- ": o
* Quarter chord sweep Ay, o /hg,':%‘;; % 0, ©
41— PR e § o of°
tan A, = tanA., + (e1 — e2) souNDaRY 3} , :
AR T+ A Tip stall
* Geometrical twist &y, — L - -~ o - po~ o
25
/T\ y
X

A
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Wing

Geometry (2)
— Aerodynamic center

b
_ 2 (7
-MACc—/ dy Y
S Jo

~

_— 2013-2014 Aircraft Design — Conceptual Design 25 wygpeld



Wing

« Geometry (3) /\/

— Aerodynamic center

« Position x,. depends on

compressibility effects

B=11- M2

60 BAR:lO - = — T J1r T T j\’ = ::-50
Lae e 1 BAR:8 == — ; tan 1/4 E
= D S o eetanAg = ———rm g
(350 5§/\ e i 2 = = BARZG LH i L 1 — 1V __E 50
>‘. A AR A e Pt s | BAR:4 =
'\wf\\ll 7 2 54 R 7 \ng: A == e O e B =
ANA A N y/[ B o 3 ¥ BAR:Z 40
A =17 N7 {723 7 O 0 O = ‘ ] i
AT B 7 \ +2 f"“‘”—”; : - =+
N7 » i - AN Y /A\ 1% 7 : U
% 1 I 17ZTNZ : [P
< A _: 1,,/\ 2 AT AN AN ] PN Nt ? LR 30
.30 A AN a > 21 N2 A N N ZIN =
AN PZd 3 E o P A
E ; 5 g et - Y kA - gy /_{_: = PR a2 g o
e bk - I =
'20r [ WT = = sxnm ! 120
LA . . . 8
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Wing

« Geometry (4)
— Allow to compute
Maximum thickness at s/2

3.5
i 3 1 54+ M?2cos? A
- = i“’/ — McosAyyy |1 ( o8 1/4)
C

101?\[ 17\[ COS A1/4 5 + (j\[*)Q

— Divergence is avoided at M cruise
— With

Cr
4cos? Ay yy

Mx = {1, 1.05, 1.15} —

for {normal , peaky, supercritical} airfoils

wlk

2013-2014 Aircraft Design — Conceptual Design 27 vyl



Wing

« Geometry (5)
— Allow to compute (2)
* Fuel volume in the wing

t
2 9 ty
TR (R RSV, . 1
b root (1 -+ )\) (E)root

C

— If too large, use ¢ b & S corresponding to a reduced part of the wing

root: Ctip’
 Wetted surface

— Surface in contact with the fluid
1 (t/(’) root + (t/c)tip )\)

Sweewzzsex 1 -
tted p<+4 )

= 2013-2014 i
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Wing

o Lift
— Cruise (reduced angle of attack)
* Wing lift coefficient

CLw — CLwa [Oﬂ’root — ] = a [051“0015 o aLDroot:I

root

o0t ANgle of attack at root of the wing (rad)
— ar, _ :Angle of attack at root leading to a zero lift of the wing
» See next slide

« Slope of wing lift coefficient (rad?)

3=+1-M? \

Cl
k= Beta 27
B = , BAR kcos A 3AR
V1-—M? :
%_ 5
— 2013-2014 Aircraft Design — Conceptual Design 29 wpeelf



Wing

Lift (2)
— Cruise (reduced angle of attack) (2)
« Zero-lift angle of attack at root

aLD — Oleroot + OéOlga,tip

root

— Geometrical twist
» Example: lofted
A\
= £ . S
6P (1 — \) &
S

g

— Local aerodynamic twist o,

» —q, S€e picture

0.45

_a()l i

0.40

0.35

0.30

0.25

0.20

0.15

Wing tip twisted down

(Washout)

w 2013-2014
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Wing

o Lift (3)
— Cruise (reduced angle of attack) (3)
« Zero-lift angle of attack at root

Qar, = QT Q01€atip

Droot

— Aerodynamic twist &4y, = €9tip Ty Qg
root 1p

» <0 pour un washout

» Zero-lift angle of attack of the airfoil «;; can change between root

and tip if the airfoil has an evolving shape

— Purpose: Stall initiated at ~ 0.4 s

Same NACA sections : s :
used throughout Same NACA sections /-Root section
used throughout NACA
Positive G3g -2l

Tip section
NACA 0024

(a) Geometric twist. (b) Aerodynamic twist.

% 2013-2014 "
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Wing

e  Maximum lift
— Maximum lift coefficient in approach or at takeoff (M << 1)
» Curves without high-lift devices

Clmax )root T (Clmax )t _
CLmax = cos Ay, {0.88, 0.95} ( Jroor T ( Jiip {r=1,A%1}

— Airfoil NACA-4 5 6 digits, see pictures

— Supercritical airfoil with rear loading: 10% larger than NACA-5

20
of
R~10° Emas
18
%K: ——— A~10°
N —
! —p
6-DIGIT ~
“"""""-—....__ 3 1.4}
[ SYMMETRICAL secnuus' : 1.2 |[CAMBERED SECTIONS I
1 1 i 1 J 1.0 1 i 1 1 1 | 1 }
14 16 18 30 22 6 B 10 12 14 16 18 20 22
THICKNESS/ CHORD ~ % THICKNESS /CHORD ~ %
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Wing

«  Maximum lift (2)

— Maximum lift coefficient in approach or at takeoff (M << 1) (2)

« With high lift devices

20 SPLIT FLAP
— Device & angle depend on N S
45
» Approach o ruam ke
]I
» Landing " K
a0 SHGLE SLOTTED FLA-P
» Takeoff (drag has to be fe —
reduced) 45y
DOUBLE SLOTTED FLAP
0 - o 48"
l}[CH'LI?T DEVICE TYPICAL FLAP ANGLE CL Icosh-zs FOWLER FLAFP
J max
.i-_ \
TRAILING EDGE | LEADING| TAKEOFF | LANDING | TAKEOFF | LANDING 0%
EDGE .
ING
FLATH - 2¢° | 60° ]1.40-1.60] 1.70-2.00 AN
SINCLE SLOTTED - 20° 40®  }1.50-1.70] 1.80-2.20 EFFECTIVENESS
& MECHANICAL
FOVLER - 15° «w0°®  |2.00-2.20] 2.50-2.90 vt
WUBLE SLOTTED"®| - l 2° | o |1.70-1.95] 2.30-2.70
1 L] 1
SLAT ) . 2.30-7.60| 2.80~3.20 T e =
TIPLE SLOTTED™® | siar 20 40 2.40-2,70| 3.20-3.50 AT,
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Wing

 Maximum lift (3)
— Maximum lift coefficient in approach or at takeoff (M << 1) (3)

+ With high lift devices (2)
S P 1.1336&1111&1}{(0)

\ Lost of velocity resulting

— Stall (equivalent) velocities Vi

) =

— V. flaps down (out)
— Vg, flaps in approach configuration
(weight W, at landing)

from a maneuver

HIGH-LIFT DEVICE TYPICAL FLAP ANGLE| €,  /feosh ,¢
i hAx
TRAILING EOGE | LEADING] TAXEOFF | LANDING [ TAXEDFF | LAsomNG
EDGE . |

PLATH - 2 | 60° |t.40-1.60! 1.70-2.00
SIKCLE SLOTYED - 20° so° 1.50-1.70] 1.80-2.20
rovLer® - 15° wo® 2,00-2.20] 2.50-2.90
WUBLE SLOTTES™*] - I 2° ’ o | 1.70-1.95] 2.30-2.70
SLAT 2.30-7.60| 2.80-3.20
TIPLE SLOTTED™® | star 20 40° 2.40-2,70} 3.20-3.56
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Stability

« Longitudinal balance
— Lift
: CL — CLw +CLT

Sy

-

S — OL = (CLa)pla‘ne (Oéf a (&LO)]C)

« Angle of attack of the fuselage o

 Zero-lift angle of attack of the fuselage (OJLO)f.

2013-2014
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Stability

« Longitudinal balance (2)

— Moment
« Moment around gravity center

:Ecg o xacw
C'm — C:rn[] + CLu,- z + C?HT - CLT

b
/2
0

* Pitching moment of the wing C,,,, =

2
S

C

Stlr
cS

ey

\

Zero for symmetrical
airfoils
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Stability

« Trimmed configuration
— Equations

~

S
¢ CL — CLw + CL'T‘ bT

. LTeg — Tacw S‘TZ'T
C-:m — Cm,[] + CLu; z + C’mT CLT zS

— At equilibrium (steady flight)

S
’ Cm,_o =>CL_CLu

CLu, (1 + (h - h[]) ﬁ) + ZT C'mO

2013-2014 Aircraft Design — Conceptual Design 37 e U



Stability

« Trimmed configuration (2)

— Angle of incidence of the wing i,
« Angle between the fuselage and the root chord
* In cruise

— ¢4 ~0 so the fuselage is horizontal

— Lift is known from the weight C7, (ay = 0) = Cr,

% 2013-2014 "
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Stability

« Trimmed configuration (3)
— Angle of incidence of the wing i, (2)
« Equations
[ Cp (ap =0) = OLO
Cr=CrLuyw

CLu, (1+(il}lo) ) + Cmo
I

S| o

< CLu; = a [aroot B OjLDroot}

Qpoot = Of + Ly

K CEj“'zorcnt)t - OﬂlOroot + C"jolgal(-ip
[ C»—c
Py _ “Lw ;
L — a0 + O‘Olgatlp + (OJJO)root
< C'* Cro — L C‘mo
‘Lw —
1 + (h — ho) Ir

2013-2014 Aircraft Design — Conceptual Design



Stability

« Trimmed configuration (4)

— Value o4 = 0 is obtained for one single value of the lift, so for a given weight
— But weight changes during flight, as well as the cg location

— To define i, values of C, ;& x.,are taken for
* 50% of maximum payload
* 50% of fuel capacity

— Lift curve of a trimmed aircraft

St

CL — CLU} + CLT q

c c
= CL ., (1 + (h — ho) E> I —Chmo

Cr, = (CLQ)I)la.Ile (Oéf a (QLO)JC)

N~

/( ) CLo
QL -~
/ CLOéphne

> < ‘
L OLO:‘plane — (1 + (h ho) ) a
= 2013-2014 i i | s
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Stability

 Stick-fixed neutral point =, = h,c¢

— CG position for which ‘C)Cm =0 with elevators blocked
OCL
* When elevators are blocked, stability requires OC,, <0
Joy
+ Mose Up
2 (¥
:: Unstable
. -
G o8 "__.....-'""' ™
E o .
© 20
ﬂ“- EL
=, 10
L
=394 MNose Down
(-)

8C-m

¥

* As C, ~ proportional to a, the stability limit is approximated by
C)CLw
mcg — LTacw
« Butas C-?n = C.Tno + CLw + C:rn'T - CL'T

=0

Stly
c cS

the stability depends on the cg position

oC,

8CL w

* Neutral point is the position of the cg leading to =0
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Stability

 Stick-fixed neutral point z,, = h,¢ (2)

— Definition
° mcg — Lacw STZ'T
AS C‘Tn pr— C‘TTLO + CLw (:* cu + CTH'T‘ — CL'T FS

dC 1S
> h?’l =h L Zj;bwT
d'OLw cS

« But this not correct as fuselage is destabilizing (low momentum but high
derivative)

) i ! L
| [ he :
1 T | |
| | e |
| | | 1
| [ | o
| r =

c | !

hoc
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Stability

 Stick-fixed neutral point z,, = h,c (3)
— Definition (2)
» Fuselage effect

Teg — Tacw Sl
Cm, — C?n() + CL w . z + C:rn T — CL T ;ST
dCy 1 Ip Sy dCo s

+ C?n fus

iCr, ¢S dCp,
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Stability

- Stick-fixed neutral point z, = hn,c (4)
— Position h,, = hg + dCry l]ibT B dC,, rus
dCLw cS d-CLw

« Stick-fixed tall lift slope (7, B, constant)

Tailplane

7;7\1 Elevator
.\ Trim tab
¥

— Talllift Cpp = aq (OL‘T — OJTO) + aon) + a-gﬁn

— Attack angle of horizontal tail in terms of downwash ¢: ap = @00t — € + 77
de

with & ~ d_ (aroot - OLfLOroot)

i

Cruw de
- A OLw —a (QTOOt o OjLOroot) = a7 = . (1 N _> + YLOroot + T
a do
stick-fixed
+ Eventually { 4CLT L ds
dOLw a d()g

2013-2014 Aircraft Design — Conceptual Design 44 uﬂm;ug



Stability

Stick-fixed neutral point z,, = h,¢ (5)
— Downwash

« Gradient of downwash resulting from the wing vortex

|, = distance between ac of
wing and ac of horizontal
tail

2013-2014 Aircraft Design — Conceptual Design
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Stability

 Stick-fixed neutral point z,, = h,¢ (6)

— Fuselage effect

. 2 _
. Empirical method NACA TR711  Cmtfus _ FrusWidthy, lengthy,,

dCL w

Sca

M, lengthy,

Mys Krus

0.1 0.115
0.2 0.172
0.3 0.344
0.4 0.487
0.5 0.688
0.6 0.888
0.7 1.146

_— 2013-2014
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Stability

« Stability margin

— Stability requires OC'm,

<0
«
— The stability is measured by the stability margin

- K,="-"=h,—h>0

O]

— FAA requirement
« Stable enough = K, > 5%
— Enough maneuverability
« K,<~10%
« If T tail, in order of avoiding deep stall: 10% <~ K, < 20%

= 2013-2014

Aircraft Design — Conceptual Design

47



Stability

« Stability margin (2)

T, — 2.
- K, =" —h, —h>0
C
. - 300
— Flight conditions [ =
o MTOW
« h, depends on velocity - 8 {f g
- L - - 4
* CG location | = T ] = .
— Depends on payload  zso} 2 o & 8 %
— Changes during the i --;:;% MZEW \-«T =
- b 1
flight as fuelisburned [ || % - I \ s
— Whatever the flight t 3 = \:
e 200 =z |2 e
condition is K, should i £l PASSENGERS ¢
: 3 e
remains > 5% i A oew _ Se,
I~ f::?; C.G. POSITION~ PER CENT MAC
l5{}0 ? ‘l:’J 1.5 2lO 25 30 35 40
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Stability

Stability margin (3)

C
— In general during cruise R
« CGcloseto0.25¢ B B
— Allows reducing the - / 3
drag due to the tail : e P
rag due to the tai = ; v o o
et a0l J LEEE
« Tail can act in negative lift ! j \ F 4
— . MZFW i b
(can reach 5% of the weight) g @ B
2 J T e, FREIGHT oL \ 3
" ::; z ~ \q
i (<€ -
200} 2 IS \g
i d s PASSENGERS 3
g 2
i - E....,.QEW L Baz
] H
B S C.G. POSITION~ PER CENT MAC
l5{}0 ? 1:3 15 20 25 30 35 40
%_ 8
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Stability

* Angle of incidence of horizontal talil i;

a doy

Cp = CLO - 7CLapla.ne (QLU)f

— Taillift should be equal to ¢y, = a; {OLw (1 . ﬁ) B aLorooJ for

-

. . . O — = “m
trimmed cruise (ot =0) & oo =0, With & Cp, =C5 = L0 Ir 7m0

Sc
L COrr = [Cono + O, (= ho)]
Stlr
airflow
% L ]
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Stability

Angle of incidence of horizontal tail i (2)

( CLw de
Crr = [ o L - do N7 + QL0oot
— Equations < w 0 01=atip 10/ root
OLw — OLu, — =
1 + (II?, — }?,0) E
\ Crr = Chno+Cr,, (h—ho) S
— Tall incidence angle
* From n; Tailplane - Wing
e U
\VO&
NT =17 — Ly = IT — - — O'L0root
o Cho+ O (h—ho) =
i = SI;IT + = CLu;
1~z “

* Generally i; such that o < a

root

2013-2014
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Horizontal tail

 Geometry

— Parameters
« Span b;=2s;
Aspect ratio ARy = b?/S; ~ 3-6
Taper ratio 7= Cry/Cr rgot ~0.3-0.5 S,
— Reduced weight

A

Sweep angle Az,

] bT
— 5° more than wings in N
order to avoid shock waves

Airfoil: symmetrical, reduced thickness (e.g. NACA0012)

— Design criteria
» Longitudinal static equilibrium
« Longitudinal stability
— Damping for short period & Phugoid modes
» Powerful enough to allow maneuvers
— Rotation at take off
« Should stall after the wing

_— 2013-2014 .
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Horizontal tail

* QOutputs

— Proceed as for wings
» Thickness to remain below critical Mach number
Lift coefficient slope as for wing
Lift coefficient
— Should account for wing downwash effect
OLw ( de

1 — —) +nr + OdLOroot:| if symmetrical airfoil
a do

- CLTafl{

Aerodynamic center computed as for wing

No pitching moment if symmetrical airfoll

No aerodynamic twist (neglected) /\/
|
St

% 2013-2014 "
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]

s°

LVWMEW.

_— 2013-2014

Horizontal tail

Quick design

— Stability depends mainly on S; /S~ 0.2-0.4

~0.5-1.2

— Maneuverability depends mainly on Z'T_'bf
« Approach velocity V, =1.3 V,, €5
© s o n oo o wolmen o
o
30} |

in & w @b bo
L

L8
08
A8

o7

25

20

15

5
O WING MOUNTED TURBD - ENGINES

|, = distance between the ac
of wing and ac of horizontal
tail

08 @ REAR FUSELAGE MOUNTED JET 10
ENGINES METRIC UNITS

08 2 ¥ TURBOPROP ENGINES .

Fus & FISTOM ENGINES I 1 k 2 1
D4 {l’l’l] 0F--0 WEKGHT VaRiATION BETwee |4 ( __ ) 5 { ‘m } =

Wy AHD Wig IFLAGG SYMAI al- yg g
03 I I 1 S T N i 1 L 1 1
1o 20 30 40 50 &0 70 B0 SOWM 200 5 10 15 20 25 3o 35

Aircraft Design — Conceptual Design
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Fin

Geometry

— Parameters
« Span b
Aspect ratio ARg = b?/Sg

_ 07 \Z
— For Ttail ~2

Taper ratio Ag = Cgip/C root w

Sweep angle Agq, : 30 to 40°

Airfoil
— Symmetrical
— Low thickness (e.g. NACA0012)

— No twist

Distance between cg and fin ac I

— Design criteria

» No stall at maximum rudder deflection
* Maneuverability ensured after engine failure
» Landing with side wind of 55 km/h

» Lateral static & dynamic stabilities (Dutch roll)
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Fin

« Loadings 7
— Lift coefficient Crp = +———
ng bF
— Yaw coefficient ¢y = ¢y bgiF
— Slope with respect to yaw angle S Cng = 05CxN f !
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Fin

* Quick design
— Lateral stability (most severe criterion for engines attached on fuselage)
(

1 1
, . Syslengthe, o (fp\2 (b2
- Fuselage effect Cnpp=—Ho Sb \7 b
g { Z‘fQ f 1
. h
Kj=03—<9 075 Jmax 105
v lengthy, . lengthy,,,

. {ngh, mid, |OW}-mounted Wlng effect CY}\Y'EI _ {_0017" 0012" 0024}

hf' hy Splpter
AR SN \:'3\\\\‘ 3 \\3%\3\\\-\\.\\\@ oslk
cg .
o8l
Wy
cal-
C—-Ibf‘ f.!z:l O )
- ~» DEVELOPMENT
Y = length, . s o7 Co4 o5 o8 -0 k-».;z T1a
ad = C:Ff\-'T 3 f + CTJ\-T 3

]
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Fin

* Quick design (2)
— Engine failure (most severe criterion for wing-mounted engines)
« Takeoff configuration (critical as larger thrust)
« Engine thrust AT, at Y, from fuselage axis
« Maximal rudder deflection 5 ~30°

I max

 Effect of rudder measured by k; ,

14

kﬁf # ]
12 - -
//{aﬁér L
1.0
8 -]
-E 4
15 25 35 45 55
f:,m“- degroes
D\ — :
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Fin

* Quick design (3)

— Engine failure (wing-mounted engines) (2)
« Effect of fin: k, = 1.1 for T-tail, 1 for other tails

q v Ou
- y
>

1 DC-8/50 8 L-1011
2 DBC-B/83 9 A-300 B2
N2 3 B 747 10 VFW-614
o 15 4 L-500 11 MERCURE Al —
—~ & C-141 12 8 737/100 a@f‘"
= 6 DC-10/10 BCE: o
z 7 BC-10/30 mﬁé’*
o
" | ,
;_E = g0
S 3
~ . ' 4
< ekl
< .05 !
"“M O 2 engines
: : Y. IAT.Cr .. A3 ines
Thrust & weight in AT CL o] ke ont 0 4 :’r:“’
// 17 I7 g"'lﬂn.'l-
kg or N /t/ ZF (F[/to - W pa.yload)maX |
N E 2 ' L'-,
n 02 04 08 .08 10 'z M 16
—Za 8

_— 2013-2014
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Drag

 |n cruise

— Cruise drag is critical to compute
* Required thrust
» Fuel consumption

— Detailed method

« Compute contribution of each

aircraft component on

— Induced drag (due to vortex)
— Profile drag (friction & pressure)
— Interference drag

» Interaction between components
» Account for C_, * C, during
normalization

— Polar of the aircraft
» Drag can be plotted in term of lift
2

plane

emAR

, ]
% 2013-2014 !
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Drag

* Incruise (2) “p_ e
— Quick method [high—-subsonic jet
2 aireraft .014 - 020 | .75 - .8s5"
CL blane
¢ (15 ::(jDO +————i—;—; large turbopropel-
emrAR ler aircraft .018 - .024 | .BO - .85
twin-engine pis-

« With e and Cy, from statistics

1.5(‘

¢

ton aircraft .022 - .028 | .75 - .BO
small single en-
gine aircraft

retractable gear 020 - .030 |.75 - .80
fixed gear .025 - .040 § .65 - .75
agricultural air-

1.0

craft :

S

- spray system re-

moved -060 .65 - .75
o - spray system in-
—={Cp stalled .070 - .080 | .65 - .75

* The higher the sweep angle, the lower the
e-factor

« Meaningful only if the design is correct
— A wrong design would lead to higher drag
— This would not appear with this method

'?%%@53’ .
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Drag

* In cruise (3)
— Compressibility effect

* Low if correct wing design
— Divergence Mach larger than cruise Mach (t/c small enough)

 In this case, add, to the drag coefficient, the compressibility effect obtained by

- A o 0.0005 long range conditions
comp™=D 70,002  high speed conditions

— 2013-2014 "
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« Landing & takeoff 201 Lwhe/C,
_ SLATS & FLAPS |
— Low velocity drag (flaps down) Ce| ReTRacTED \
is critical to compute Cot | [unpercasmiace Up,
« Thrust required at takeoff Y \ | O GROUND EFFECT,
_ by \\ NO ASYMM. THRUST
« Maximum payload sl of | | A
— Can depend on the airport LA
w -
» Temperature | g
» Runaway
g 110 10
g LIMITED COMPRESSOR DELIVERY
Z PRESSURE WATER INJECTION
on
£ 100 = VA i
5 E e 1
Z g0 o T
3 %E
g | 2 m
mnt
o 80 E 1
v i
) )
;s : g
- 70 1 1 1 1
10 20 30 40 _s0c Y | ; ' : *
AMBIENT TEMPERATURE (SEA LEVEL) c,
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Drag

Landing & takeoff (2)
— Plane velocity
» Takeoff & landing safety speed
— At 35 ft altitude

— V2 =1.2 VS(O)
— Polar
y 2
* Cpy, = Co + Oy,
2 ErAR
* Slats out
— Co =0.018 MIGH-LIFT DEVICE TYPICAL FLAP ANGLE c, feosh 45
| max
- E=0.7 TRAILING v
EOCE | LEADING] TAXEDEF | LAMDING | TAXEOFF | LANDING
« Slats in EDGE .
PLAIY - 2¢” 60° 1.40-1.60] 1.70-2.00
- C0 =0.005 SIKCLE SLOTTED - 200 se° 1.50-1.70] 1.80-2.20
_ E=061 roer® - 1 | «0®  12.00-2.20{ 2.50-2.90
' DOUBLE SLOTTER™*! - l 2° I o |1-70-1.95] 2.30-2.70
« C, with high lift devices SLAT 2.30-7.60| 2.80~3.20
MIPLE SLOTTED™® | siar 20° 40° 2.40-2,70) 3.20-~3.50
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Drag

« Takeoff with one engine
— Corrected polar

2

OLVQ

. Opu = C
v, =G0t AR

 If low thrust (landing)
— Reduce E by
» 4 % for wing-mounted engines

» 2 % for engines on the fuselage
* If high thrust (takeoff)
— Compute explicitly effects of
» Wind-milling
» Drag due to the rudder
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Drag

« Takeoff with one engine (2)
— Method to compute the drag leads to coefficients of the form C,S
* Has to be divided by the gross wing area S to get back to C,
* The terms have to be added to the C_ obtained
CLy,

with high lift devices out, =
0 pv = C0t BoR

« 2 parts: wind-millings and rudder

(CDS)ef - (ODS) + (ODS)Tud

wre

— Wind-milling

* (CpS) — ~0.0785D?

wm inlet

_— 2013-2014
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Drag

« Takeoff with one engine (3)

— Rudder
« Moment due to
— Thrust unbalance AT,
— Acting at Y, from fuselage axis
« Balanced by rudder load

ALY,
qSF lp

Cy g

 Leadsto adrag

— Induced part (vortex)

_ OyviSr
vrud TARER

(CpS)

— Profile part (friction & pressure)

2.3 3,
(CDS)p, L= T~V SFS, (cos AFi) ’ Cyfj
rud ’]TAR%
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Engine performance

« Data

Engine | SLS Cruise | SLS specific fuel | Cruise specific By Diameter | Length | Weight
thrust | thrust consumption (sfc) | fuel consumption | pass | (mm) (mm) (kg)
(KN) (KN) (kg/daN.h) (sfc) (kg/daN.h) ratio

CF6- 262.4 | 46.7 0.356 0.585 5.09 | 2362 4036 4058

80C2

CF34- |41 6.8 0.357 0.718 6.2 1118 2616 737

3A

— Sea Level Static

— Cruise

« M=0
« Standard atmospheric conditions at sea level

« SLS thrust: T,, (to is for takeoff)

 CorrectionforM >0

T

to

~ 1

0.45M (1 + BPR)

Vv 1+ 0.75BPR

« Standard atmosphere at a given altitude

— Specific Fuel Consumption
» Fuel consumption

— Per unit of thrust and
— Per unit of time

+ (0.6 + 0.11BPR) M*

2013-2014
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Structural weight

« Component weight can be estimated
— For conceptual design

— Based on statistical results of traditional aluminum structures
— Example: wing

Comparative Wing Weights
Aluminum Transport-Class Aircraft

Total Wing Weight 7/ Gross Wing Area

0. 1. z. z. 4. 5. 6. 7. 5.
Wing Weight Index (1bsft2)
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Structural weight

Structural weight [lbs]
— Wing with ailerons

WDV ZEW (1 + 2))

W, —4.225 + 1.64210 6 [ulti

i3
c

gcos2AS(1+)\)

av

S: gross area of the wing [ft?] W,,: take off weight [Ib]

ZFW: zero fuel weight [Ib]
A: sweep angle of the structural axis
t: airfoil thickness [ft]

— Horizontal empennage & elevators

Tyl

b: span [ft]
Al taper (Ctip/Croot)1
c: chord [ft]

3 p—
tim bT VVtoC\/ STexp

Wy =5.25 87 ., + 0.8107°

tT

St exp: €XpOsed empennage area [ft?]

¢ . average aerodynamic chord of the wing [ft]

S+: gross empennage area [ft?]

t;: empennage airfoil thickness [ft]

A+: sweep angle of empennage structural axis

3
cos? Ap lp S2

avg

|- distance plane CG to empennage CP [ft]

b;: empennage span [ft]

Ct : empennage chord [ft]
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Structural weight

« Structural weight [Ibs] (2)

— Fin without rudder

i b3 (8 £ 0.44 W0
Wi = 92625 +1.5107° o =)

ir cos? A p
avg
Se: fin area [ft?] be: fin height [ft]
t-: fin airfoil thickness [ft] cq: fin chord [ft]
Ag: sweep angle of fin structural axis S: gross surface of wing [ft?]
— Rudder: W,/ S, ~1.6 Wy./ S¢
— Fuselage

- Pressureindex [, =1.5 102 Appax Widths,s
« Ap [Ib/ft?] (cabin pressure ~2600m)

* Bending index

lengthy,,.
heights, .
« Weight depends on wetted area S, .4 [ft?] (area in direct contact with air)

VVfus — (1051 + 0.102 Ifus) Sfus,wetted

—4
Ib = 1.9110 Nlimit at ZFW (ZFW — VVw - VVwing—mounted engines)

; %Qﬂ if I, > I,
fus — IS4+1 .
P b
i, < I,
% ‘ L ]
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Structural weight

« Structural weight [lbs] (3)

— Systems
« Landing gear Wear = 0.04 W,
« Hydromechanical system of control surfaces Wsce = lsc (StexptSE)
I [Ib/ft?] : 3.5, 2.5 or 1.7 (fully, partially or not powered)
 Propulsion Wirop = 1.6Weg~ 0.6486 T,,0-92°
T,, : Static thrust (M 0) at sea level [Ibf], *1Ibf~ 4.4 N
« Equipment
— APU . _ . Wapu = 7 Neears
— Instruments (business, domestic, transatlantic) W, = 100, 800, 1200
— Hydraulics Wiyar = 0.65 S
— Electrical Wiiee ~ 13 Ngoas
— Electronics (business, domestic, transatlantic) Weironic = 300, 900, 1500
— Furnishing if < 300 seats Wi, ~ (43.7- 0.037 Nggais ) Negats + 46 Negars
if > 300 seats Wi, ~ (43.7- 0.037*300) Nggyis + 46 Negars
— AC & deicing Wac = 15 Nggyts
- Payload (Wpayload)
« Operating items (class dependant) Woper = [17 - 40] Npses
* Flight crew Wi rew = (190 + 50) Ny
 Flight attendant W,tteng = (170 + 40) Nen
» Passengers (people and luggage) Woax = 225 N
— Definitions
« ZFW: Sum of these components ZFW =2 W,
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Structural weight

« Structural weight [Ibs] (4)

— Examples
;:::::“ CITATION-500 |MDAT-30 |MDAT-50| ¥-28 | MDAT-70 | DC-9-10 | BAC-111 | DC-9-30 | 737-200 [ 727-100
Uing System 1,020 3,143 4,30 | 7,526 | 5,910 9,366 9,817 | 11,381 11,164 | 17,682
Tall Systenm 188 1,010 1,193 | 1,477 | 1,505 2,619 2,470 1,790 2,171 b, 148
Body Systea 530 5,276 | s.692 | 6,909 | 7,018 | 9452 | 11,224 | 1,8 | 11,920 | 17,589
Alighting Gear System 425 1,379 1,874 | 2,564 | 2,440 1,640 | 3,465 | 4,182 4,038 7,244
Hacalle Systes Thl 948 1,294 Ba& 1,684 1,462 1,191 1,462 1,515 2,226
Fropulsion Systes {(less Dry Engine) 340 1,140 1,138 988 1,702 1478 1,788 1,180 1,731 3,052
Flight Controls System {less Auto Pilot) 196 &00 699 | 1,404 B05 1,102 1,655 1,434 2,323 1.836
Auxiliary Powar System i 343 L 320 460 BG5S 149 B17 B55 0
Ipstrument System T6 J00 30 267 300 490 04 irs 318 713
Hydraulic and Pneumatic System 94 157 300 406 345 hA1 1,381 153 B35 1,054
Electrical System 361 617 815 953 1,040 1,631 1,610 1,715 2,156 1,988
Avlonice Systes (incl, Auto Pilot) kF3 1 386 586 921 586 1,039 1,368 1,108 1,100 1,844
Furnishings and Equipment System T4 2,637 3,548 | 3,535 4,772 6,690 P 8,596 8,119 11,962
Alr Conditioning Syscem 168 315 415 520 550 1,006 1,062 1,110 1,084 1,326
Anti-icing System 101 384 e | 520 511 472 234 474 113 639
Load and Handling System 2 it ] 0 - 0 19 L] 57 —_— 15
Empty Welght (less Dry Engina) 5,377 17,985 23,312 129,178 | 29,T4B 41,962 &6, 328 49,710 51,240 73,518
bry Engine Weight 1,002 2,480 | 3,373 | 4,327 | 4,392 | 6,113 | 5,434 | 6,160 6.212 | 9,322
Empry Welghe (M.E.W.) 6,379 20,463 76,685 [33,508 | 34,140 | 48,075 51,762 55,930 57,432 | B4,B50
Takeoff Gross Welght K 11,830 34,480 |46,850 62,000 | 61,000 | B6,300 | 99,650 |108,000 | 104,000 | 161,000
I\/Ianufacturer\
empty weight

3 —z@ . . . g
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Structural weight

« Structural weight [Ibs] (5)

— Examples
:i::::“ 727-200 | 707-320 | DC-B-55 | DC-8-62 | DC-10-10 L-1011 |DC-10-40 747 | scar-15"

Wing System 18,529 28, 647 34,909 36,257 48,990 47,601 57,7468 | BB, T41 B3940
Tail Syscen b, 142 6, D04 4,952 4,934 131,657 8,570 14,554 11,958 8,590
Body System 12,415 22,2949 22,246 23,704 44,790 §9,532 46,522 | 6B,452 54,322
Alighting Cear System 7,948 | 11,216 | 11,682 | 11,449 | 18,581 | 19,923 | 25,085 | 32,220 | 28,720
Hacelle System 2,225 3,176 &, b44 6,648 8,493 8,916 9,328 | 10,830 15,650
Propulsion System (less Dry Engine) 3,022 5,306 9,410 7,640 7,673 8,279 13,503 6045 6,310
Flight Controls System (less Auto Pilot) 2,984 2,139 2,035 2,098 5,120 5,068 5,188 | 6,886 | 10,777

Auxiliary Power Plant Systes BaG 0 0 0 1,589 1,202 1,592 1,797 -
Instrument System B27 550 1,002 916 1,349 1,016 1,645 | 1,486 3,400
Hydraulic and Pneumarie Group 1,147 1,557 2,250 1,744 4,150 4,401 6,36 | 5,067 | 10,670
Electrical System 2,844 3,944 2,414 2,752 5,366 5,490 5,293 5,305 6,002
Avionics System (incl. Aute Pilor) 1,8% 1,815 1,870 2,058 2,817 2,800 3,186 &, 134 4,178
Furnishings and Equipment System 14,702 | 16,875 | 15,884 | 15,340 | 3s,o72 | 32,829 | 33,114 | 48,007 | 20,615
Alr Conditioning System 1,802 1,602 2,388 2,296 2,3B6 3,344 2,527 3,634 Z,820
Anti-lcing System 666 Gk 194 673 416 296 555 1% Fati

Load and Handling System 1% - 55 54 62 - 62 228, | -

=896
Empty Weight (less Dry Engine) 86,017 |105,756 116,535 |118,749 |203,521 |198,968 |224,148 |297,867 | 256,204
Dry Engine Weight 9,678 | 19,420 | 16,936 | 17,316 | 23,220 | 30,046 | 25,587 | 35,700 | 45,020
Empty Weight (H.E.W.) 95,605 125,176 |133,471 136,065 |226,750 |229,014 |249,735 |333,567 | 301,224
Takeol f Gross Welght N 175,000 {312,000 |325,000 (335,000 [430,000 [430,000 [565,000 |775,000 | 631,000
Manufacturer \
empty weight
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Structural weight

* CG locations

Wing: 30% chord at wing MAC

Horizontal tail: 30% chord at 35% semi-span
Fin: 30% chord at 35% of vertical height
Surface controls: 40% chord on wing MAC
Fuselage: 45% of fuselage length

Main gear: located sufficiently aft of aft c.g. to permit 5% - 8% of load on
nose gear

Hydraulics: 75% at wing c.g., 25% at tail c.g.

AC / deicing: End of fuse nose section

Propulsion: 50% of nacelle length for each engine
Electrical: 75% at fuselage center, 25% at propulsion c.g.
Electronics and Instruments: 40% of nose section

APU: Varies

Furnishings, passengers, baggage, cargo, operating items, flight attendants:
From layout. Near 51% of fuselage length

Crew: 45% of nose length
Fuel: Compute from tank layout

w . . . 8
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Fuel weight

A

« [For a given mission
— Taxi & takeoff
W,,,; = 0.0035 W, ) / Range \
— Landing & taxi
W,y = 0.0035 W,

Altitude

— Reserve
« Should allow |
— Deviations from the flight plan Landing, taxi Fuel weight
— Diversion to an alternate airport— | W, o
« Airliners I @®if[ileM Cruise f“ Reserve
— W, ~0.08 ZFW -« - -
. Business jet Taxi, takeoff Descent
W, fuel consumption for %4-h cruise
— Climbing (angle of ~ 10°)
Welimh, 1 [cruise altitude [ft] N 1 A2 }
Wro 100 31600 [ft] 2 crse
— Descend: ~ same fuel consumption than cruise
— Take Off Weight (TOW): W, =ZFW + W, +W,
— Landing weight: ZFW + W, + 0.0035 W,,

@ = . . . ]
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Fuel weight

« For a given mission (2)
— Cruise
» Bréguet equation

Wi—Weruise Wi —Weruise V W, —Weruise V L
RCI‘UiS@ — / th —_— — / C T dI/Ifr fr— / C DI;‘? dI/I,T
W; W, o W, ' DWW

— Specific Fuel Consumption C;

» Consumption (of all the engines) per unit of thrust (of all the engines)
per unit of time

— Initial weight W; = W, — Wi — Wejimp
— Final weight W; = W ice = ZFW + W, g + W,

 Flight with ratio C, /C, ~ constant
CyL

Reruise ﬂj‘—"rmse% | Wi
= n
/ ao O_\/% I'}Vi - I'}[/;::ruise
Sound speed at SL Temperature/Temperature SL
— Fuelweight (without reserve) We = Wi + Weimp ¥ Wersise T Wiang
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Payload-range diagram

Maximum range depends on the payload
— 3 zones: Max Payload, M.T.O.W. (structural), fuel capacity

A
=
iy
2
Max Z.F.W.
ZEWw
_ Payload
Maximum range ‘
M.E.W. . A
~ Maximum_
payload range
Range
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Payload-range diagram

« Maximum range depends on the payload (2)
— First step: add required fuel for the range at maximum payload

4

Weight

Max Z.F.W.

M.E.W.

»

Range

% 2013-2014
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Payload-range diagram

« Maximum range depends on the payload (3)
— Second step: Threshold resulting from the maximum allowed TOW
1 Why ?: - Structure designed for a given payload and a given range
M.T.O.W. - Performances should allow for takeoff
<
2
Q
=
Max Z.FW.f------- i B iz
M.E.W.
d* Range
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Payload-range diagram

« Maximum range depends on the payload (4)
— Third step: Keep same M.T.0.W. and reduce payload when range increases

t Payload is replaced by fuel
M. T.O.W
[
=
5 ®\0
= W,
Max Z.F.W. -~
T~ W res
M.E.W.
Range
D 'S i
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Payload-range diagram

« Maximum range depends on the payload (5)
— Fourth step: Maximum fuel tank capacity reached

A
M.T.OW. | A
[
>
S ®\o
= W,
Wmax
Max Z.F.W. --
"= Wees .
TTe- =~y
M.E.W.
Range
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Payload-range diagram

« Maximum range depends on the payload (6)
— Fifth step: Maximum range deduced at zero payload

1 Theoretical as no payload is transported
MTOW. | . n
5
5 ®\0
= W,
Wmax
Z.FW.—% A : :
Max WresI Design point of the
| cargo project
Wmax
Maximum number of
passengers + luggage
M.E.W. ——
~ Maximum_ :
« load »Maximum range at
pay maximum > >
range passengers number Range
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Undercarriage

Takeoff

taksot! climh

T.Q. power
we. down

[TAKEOFF WITH ENGINE FAHLURE] decision point (V;)

uc. reuraction complated

oo

required gross climb

gradient 3 2.4%

withaut ground effect

sngine Taiture
__Linitistion of roratioa(vg)

tifeort (vioe) -

time delay

sscond

1egmant &imb
T.0. powar
spead VY

-—-! accaleration E

flap rutraction
comupleied

) 4

taknof! run requirsd

takeoft distsnce saquimsd

altborne  disance (S, )

l acceLenate-stoe]

inertia distance

L dacelerata

accalerpis

standstit|

accalecais - stap distance

tayuired  runwiry langth

SIOpWRY

clagrway

_n-“"fF:::
8%

T T

siopway znd

M&'ﬂb

VR —————————

r

400

NOTES:
a. All-engine takeoff distance

o

nat accsleration
squivalent 10-gross
b | gradismt - .8

final takeot!
elimd : required
gradient at
L5001t a1.2%
tinat takeaff
climé spesd

AP et ey

s BESTANCE

distance to 35 ft x 1.15

b. All-engine takeoff run

distance to point equidistance
between liftcff and 35 ft,
factored by 1.15

clearway zvxilable

required tunway length when no clwarway s present

takwpt!

1light  path

AR

taka

off path
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Undercarriage

Angles at takeoff

— Only the wheels can be in contact with the ground
* Plane geometry leads to maximum values of
— Pitch angle 6
— Roll angle ¢

20°r
a2
- increased under-
ot carriage height
A 15° e e e - — — K,
- X .
o fuselage tail ._
\J
@ X G
@ 10° |
o wing tip
4
i outboard \
5% |- engine nacelle \
0“ { i | L W
Dn 50 109

Angle of roll ¢
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Undercarriage

« Angles at takeoff (2)

— Example:
* Wing tip should not touch
the ground during rotation 6
even if the plane is
experiencing a roll ¢
« Geometric considerations

downward movement
r of wing tip

| 2h,
tan¢ = tanI' + ; ht — tanftan A

* Roll angle ¢ of 8° should
be authorized
g, static deflection of

shock absorber
(e, etl, ~ 0 as first downward mavement /
of wing tip
approximation ' e4
Bzt groundiine ; v,
: point  of
extended main undercarriage AN ground contact
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Undercarriage

« Angles at takeoff (3)
— Pitch angle at takeoff

dt \ Vior ga

b 21 [,Crr
Oror = aLop + ( L + ﬂ)

/ Climb of the S~

Undercarriage :
fully extended undercarriage
(from e) C,
« do/dt~4°/s
* 0o op: Maximum angle of attack I

of the fuselage expected during
takeoff with flaps up

takeoff flaps

Climb of the rear
of the fuselage

1
QXLOF — CL [(CLmax)cruise - CLcruise — P (CLmaX)to}

Ly

* C| o : maximum lift _
expected during CL,, 5
takeoff with flaps down

 Marginp~0.15
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Undercarriage

« Landing
— Impact point of rear wheels behind projection of cg on the ground
 If not, the plane would fall backward
« Touchdown angle: 65 ~ 0, o
« Distance |, between cg and rear wheels

Lin > (|2e4| + €5) tanbrp

— e, static deflection of shock absorber
— Zg: distance from cg to the ground

 Front wheels

— About 8 to 15% of MTOW supported by front wheels
« Lower than 8%: direction is not effective
* More than 15%: difficulties at breaking
— Now new devices are allowing to get more than 15%

— CG location can change with the payload

= 2013-2014 i
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Design steps

INPUTS

Mission

* Payload

* Range

* Cruise altitude
* Cruise speed
Configuration

* Wing + Tall

* Engines wing/fuselage
mounted

Technology

* Airfolls

* Engines

Fuselage

Stafistical GUess
ZFW & MTOW

Wing design

Choice of engine

v

Equilibrium

* Weight and cg location of the
groups

* Wing position

* Evolution of cg in terms of
payload

* Horizontal tail

* Evolution of cg in terms of

fuel consumed (distance)
* Fin

es
no EW & MTOW correct 2 y

MMission
* Cruise velocity
» Payload-range diagram

.

no
— Performances ?

Outputs

» Undercarriage

* Plane drawing

« Static margin evolution
in terms of payload,

range & fuel consumed

* Polar
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