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Design Parameters

Maximum lift coefficient: C_ ..
* Landing

« Take-off

Lift-to-drag ratio: E

Specific fuel consumption: SFC
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Reverse Engineering of Passenger Jets -

Classified Design Parameters
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Preliminary Sizing of Passenger Aircraft

Aircraft design parameters

Take-off mass

Fuel mass

Operating empty mass
Wing area

Take-off thrust
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Preliminary Sizing of Passenger Aircraft

Landing

Take-off

Second Segment
Missed Approach
Cruise

ok~ oODdD-=

Acc. to Federal Air Regulations (FAR Part 25)
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Preliminary Sizing of Passenger Aircraft

REQUIREMENT
G’ LANDING FIELD LENGTH mis
PREDICTION METHOD
Y SIMULTANEOUS T
SOLUTION AND 5 DEFINED
REQUIREMENT
Cirany
TAKE-OFF FIELD LENGTH - SPECIVIC
PREDICTION METHOD TV = f(m/S) TW = fim/S)
AIRGRAFT D SECOND SEGMENT WEIGHT
LIFT-DRAG CLIMB GRADIENT TW ANALYSIS My DEFINED
CHARACTERISTICS CRITERIA
Lo MISSED APPROACH u
CLIMB GRADIENT W
CRITERIA
/D
1
1 l MMy | My, REQUIREMEMNT
M
/D CRUISE MATCHING
C. ANALYSIS TV = {(m/S) 4 RANGE EQUATION
ENGINE
PERFORMANCE ATMOSPHERE
1 RANGE REQUREMENT
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Preliminary Sizing — Landing

[Tuuch down

i: —Landing distance ~|

FAR landing field length

¥

mumro
Sw

.Mumro
max,L myy,
k; =0,107 kg/m3

=kL'O"SLFL'CL
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Preliminary Sizing — Take-Off

Engine failure at V'I ft
Lift-off —\

|—distance

‘ Runway Stopway
Stop distance - -

Take-off field length —

Tro kro Mo Mg

— = q —

Mo 9 0 Cpmaxto " STOFL Sw Sw

kTO

a:
0" CLmaxT0 " STOFL

kro = 2,34 m3/kg 10
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Preliminary Sizing — 2nd Segment

Start: retracted landing gear
End: altitude of 400 ft
Flaps: take-off configuration

Req.: minimum climb gradient can be maintained
(with 1 inoperative engine)

TTO ng (1

Myro'g ng— 1\E * smycw)
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Preliminary Sizing — Missed Approach
Abort landing - climb & turnaround

Flaps: landing configuration + extended landing
gear

Req.: minimum climb gradient can be maintained
(with 1 inoperative engine)

0, ()
Myro'gd nNeg—1\E M4 J\marro
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Preliminary Sizing — Cruise

1. Thrust-to-weight ratio
Designed to reach destination (range)

Breguetrange eq.:

VCR'E 1
R="src "\ 1_ Tz
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Preliminary Sizing — Cruise

1. Thrust-to-weight ratio

— Fly at minimum dragspeed: V4 (E,..;)
— Fly at max.range speed: V

Tmro _ _ 1
Myro " 9 (h) - E
Tro
Tep 1
K = (0,0013 — 0,0397)7 - hcg — 0,0248u + 0,7125
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Preliminary Sizing — Cruise
2. Wing loading
Cruise: lift = weight

Mmuyro CL'MZ

_GMy
o= 2 p(h)

y=14
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Preliminary Sizing — Cruise

2. Wing Loading

b [Pa]
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Preliminary Sizing — Matching Chart

T Hatching ——
fo Prohibited Area Landing

Take-off
N

S S S

A7
/
P,

2" Segment
—/ ., // / s -

L7
\ Missed Approach
N S S
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Reverse Engineering of Passenger Jets -
Classified Design Parameters

Concept Reverse Engineering
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Def.: RE is a proces, used to understand the
working of a product and to analyze its design

Provides documentation:

Specifications
Mechanisms
Materials
Manufacturability
Assembly details

18
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Concept Reverse Engineering

RE is applied when technical data is:
* Lost

* Not exising

* Property of another manufacturer

Note: copyright!

19
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Concept Reverse Engineering

Black-box (hypothetical)

Input Black-box Output

A 4
A 4

X

20
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Concept Reverse Engineering

Black-box (hypothetical)

Input Black-box Output

X

A 4
A 4
<
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Concept Reverse Engineering

Black-box (hypothetical)

Input Black-box Output

?

A 4

X

<
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Concept Reverse Engineering

White-box

Input White-box Output

A 4
A 4

X
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Concept Reverse Engineering

White-box
Input White-box Output
X > > y
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Concept Reverse Engineering

White-box
Input White-box Output
X 1y =1(x) = y
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Concept Reverse Engineering

RE white-box

Input White-box Output

A 4
A 4

y
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Concept Reverse Engineering

RE white-box
Input White-box Output
y > " X
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Concept Reverse Engineering

RE white-box
Input White-box Output
y 1 x=1(y) = X
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Reverse Engineering of Preliminary Sizing

RE Black-box

Landing ——» ¢ Loma

¥

Take-off ——— €} 10x

Aeroplane o i
econ
Specifications e . o .
egmery
(Table 4.1) g
Missed
Approach
> Emax
Cruise
> > SFC
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Reverse Engineering of Preliminary Sizing

RE white-box 1

Muro
5“."’
Mpgp,
Muto )
> Lﬂ.tldmg * ELman.
(4.1) o
o
: Mpyro . MML
- C _ Sw  Myro
Lmax L —

kp 0" SppL
k, = 0,107 kg/m>
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Reverse Engineering of Preliminary Sizing

RE white-box 2

Muyro

. Take-off . C
= = Loz
(4.2)

STOFL

kro  muro/Sw
o Sror, Tro/mro* g

CLmaxT0 =
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Reverse Engineering of Preliminary Sizing

RE white-box 3

Myrre

Cruise

(4.9)

........ 5oem
— . 32
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Reverse Engineering of Preliminary Sizing

RE white-box 3
1
Z.L 4. -mMTO.(L)z 5,258
muro " 9 g119 (0,05764 — 1,76) - g Sy \V
1 v \2 | mex A ’ w-A-e-M2.y.p,
v ()
(7a)
5._T10
¥ 1 — .Vg 5 (—Emay) * (0,0328u—1,05) +1=0
v\ (de)
()
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Reverse Engineering of Preliminary Sizing

RE white-box 4

Mpg

Mpyr

(Ffuef.aur:i!r:bie)

Myro

Cruise > SFC
(4.18)

¥

Mg (Veg)
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Reverse Engineering of Preliminary Sizing

RE white-box 4

Mpr  Mog
E-In mgfro mzmro
Mgsro - Myrcip* Mfrpes* Mgfy

R+s
: ( V C;{R £ + tloiter)

SFC = —
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Reverse Engineering of Preliminary Sizing

RE white-box 4

MAX STRUCT PAYLOAD - 20
ol \ \

- 15
g A\ =
8 LN N S
= PASSENGERS AND =
-
= S
= >
= -0 =

[+

 MAX FUEL
17,330 U.5.GAL
(65,990 L)

C.A.B. RANGE (1,000 NMI)
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Reverse Engineering of Preliminary Sizing

RE white-box 4
1— Vfuel capactty * P fuel
E«ln 5 % mME
SFC = Mff,’ra ] Mff,CLB ) Mff,DES ] Mff,L ) Mff,engine start " Mff,taxi
g'(R+SRES+t; _ )
VCR oiter
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The Tool

Necessity due to complexity:
 Amount of variables
 Mutual relations
 Numerical iteration

* Optimization solver

— Tool: PJRE (Passenger Jet Reverse Engineering)

38



Reverse Engineering of Passenger Jets -
Classified Design Parameters

The Tool

Requirements of PJRE

Accurate results
Reliable results
Quick

User friendly
Multifunctional
Direct print-out

Hochschule fiir Angewandte Wissenschaften Hamburg
Hamburg University of Applied Sciences

Department Fahrzeugtechnik und Flugzeugbau
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The Tool

Build-up

Specs + RE
C_Lmax
E_max

SFC

Matching Chart
Data

o gk oODdD-=
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The Tool

Demonstration A320-200 (Airbus)

41



Reve rse E n g i n eeri n g Of Pa Sse n g er Jets —_— Hochschule fiir Angewandte Wissenschaften Hamburg

Hamburg University of Applied Sciences

CIaSSiﬁed DeSign Pa rameters Department Fahrzeugtechnik und Flugzeugbau

Example BAe 146-200 (British Aerospace)
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Example BAe 146-200 (British Aerospace)

Google: ‘Airport planning’ + aircraft manufacturer

https://www.skybrary.aero/index.php/Category:Aircraft

https://booksite.elsevier.com/9780340741528/appendices/data-
a/default.htm

https://booksite.elsevier.com/9780340741528/appendices/data-
b/default.htm

http://lwww.jet-engine.net/

Note: mission fuel fraction for climb = 0,998! 43
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Example BAe 146-200 (British Aerospace)

° CL,max,L = 3’62

° CL,max,TO = 2’63

« E .. =14,5

« SFC =19,5 mg/N/s

iz &E} ANy

brussels airlines 4
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Example BAe 146-200 (British Aerospace)
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PJRE

Positive

Quick

Reliable

Accurate
Multifunctional
Reduces complexity
User friendly

Reverse Engineering of Passenger Jets -
Classified Design Parameters

Hochschule fiir Angewandte Wissenschaften Hamburg
Hamburg University of Applied Sciences

Department Fahrzeugtechnik und Flugzeugbau

Negative
Only (large) passenger jets
Sensitive to human error

Critical view

emiel_dg@hotmail.com
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