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Introduction

Preliminary Sizing



4

Requirements

• Payload,
• Range,
• Mach number in cruise,        or speed,
• Take-off field length,
• Landing field length,         or approach speed,       

or stall speed, 
• Climb gradient during second segment
• Climb gradient during missed approach

Introduction
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• Take-off mass, 
• Fuel mass,
• Operating empty mass, 
• Wing area,
• Take-off thrust,        or take-off power, 

Aircraft Parameters

Introduction
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Aeroplane Categories, Propulsion System and 
Certification Rules

1. large jet aeroplanes are certified to CS-25 respectively FAR Part 25,
2. very light jets are certified to CS-23 respectively FAR Part 23,
3. large propeller driven aeroplanes are also certified to CS-25 

respectively FAR Part 25
4. smaller propeller driven aeroplanes (normal, utility, aerobatic and 

commuter aeroplanes) are certified to CS-23 respectively
FAR Part 23,

5. very light propeller driven aeroplanes (up to a maximum take-off
mass of 750 kg) can be certified to CS-VLA,

6. different certification rules exist for ultra light aircraft.

Introduction



7

General Approach

Introduction
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Overview
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Optimization Parameters

• Power to mass ratio

• Wing loading

• The requirements are specified for the various
phases of flight ....

Optimization Parameters from
Requirements
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Optimization Parameters from
Requirements

Approach Speed

The landing requirements can be stated in terms of

approach speed or landing field length.

One can be converted into the other: 
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Optimization Parameters from
Requirements

Landing Field Length
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Optimization Parameters from
Requirements

Landing Field Length
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Optimization Parameters from
Requirements

Take-Off Field Length
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Optimization Parameters from
Requirements

Take-Off Field Length 3m2.25
kgTOk = Statistical

factor for
large 
turboprop
aircrafts
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Optimization Parameters from
Requirements

Take-Off Field Length
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Optimization Parameters from
Requirements

Climb Rate during 2nd Segment

2

,

1 sin
1

TO E

MTO E P CL

P n V g
m n E

γ
η

 ⋅ ≥ ⋅ + ⋅    −    

2

,

L L

LD
D P

C CE
CC C
A eπ

= =
+

⋅ ⋅

, 0.05 0.035D P LC C= −

1.1≥LC

0.7e =

,max,
21.2

L TO
L

C
C =

CL   depends on flap settings



17

Optimization Parameters from
Requirements

Climb Rate during Missed Approach
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Optimization Parameters from
Requirements

Cruise

Lift = Weight
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Optimization Parameters from
Requirements

Cruise

Drag = Thrust
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Maximum Glide Ration Estimation

max /E
wet W

AE k
S S

= ⋅ 11.22Ek =

Cruise

Optimization Parameters from
Requirements

Statistical factor for
large turboprop aircrafts
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Engine Power Estimation

for turboprop engines

Cruise

Optimization Parameters from
Requirements
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Combining Results

1) Generation of matching chart from optimization               
parameters 
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3) Calculation of relative fuel mass using fuel 
fractions. Additional distance for flight to an 
alternate (200 NM) and loiter time 45 min.

2) Estimation of relative 
operating empty mass
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Example Calculation: ATR 72

Requirements
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Example Calculation: ATR 72

Results

Aerodynamics and Propeller Efficiency
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Results
Matching Chart

Example Calculation: ATR 72
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Example Calculation: ATR 72

Results

Aircraft Parameters



27

Conclusions

• A preliminary sizing method for turboprop aeroplanes
was presented.

• The method includes – where necessary – equations 
based on aircraft statistics.

• The preliminary sizing method was successfully tested 
with a redesign task of an ATR 72. 
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For further information see
http://FE.ProfScholz.de
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