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Requirements

- Payload, m,,

 Range, R

« Mach number in cruise, M, or speed, V.,

« Take-off field length, S;z;

 Landing field length, §,, or approach speed,V .,
or stall speed, V;

» Climb gradient Y during second segment

« Climb gradient ¥ during missed approach
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Aircraft Parameters

» Take-off mass, m,,,

* Fuel mass, m,

 Operating empty mass, m,,

« Wing area, S,

* Take-off thrust, T, or take-off power, P,
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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.
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General Approach

T Hatching —»
1o Prohibited Area Landing

Take-off

Design Point

2" Segment

Missed Apﬁroach




Overview

Hochschule fiir Angewandte Wissenschaften Hamburg

Hamburg University of Applied Sciences

AIRCRAFT
LIFT-DRAG

CHARACTERISTICS

REQUIREMENT

C L.max,L “ ]Eemnms FIELD LENGTH 'S
P AND § DEFIMNED

PREDICTION METHOD | | &
QSIMULTANEOUS 1
REQUIREMENT SOLUTION
C LJHH.LT(ﬁhKE-GFF FIELD LENGTHL  p. oo Ll SPECIVIC
Ny PREDICTION METHOD Pim = fim/S)
LII;D SECOND SEGMENT - WEIGHT Muto DEFINED
” " . CLIMB GRADIENT = m —— ANALYSIS o
! CRITERIA
L/D MISSED APPROACH ? u
; CLIMB GRADIENT = Pim e -
- CRITERIA
L/D 0
T mEmyre
mp; REQUIREMENT
M i
V: B RANGE EQUATION
L/D CRUISE MATCHING = .
sl P = ffm/5)
Cy Ny ANALYSIS i
ENGINE RANGE REQUREMENT
T P
PERFORMAMNCE ATMOSPHERE 8
|




Optimization Parameters from

L]
R Hochschule fiir Angewandte Wissenscha 1,
e q u I re m e n S Hamburg University of Applied Sciences

Optimization Parameters

. P
« Power to mass ratio IO
Myro
n n m
Wing loading — e
SW

« The requirements are specified for the various
phases of flight ....
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Approach Speed

The landing requirements can be stated in terms of

approach speed or landing field length.

One can be converted into the other: s =(@j

k APP

m_oStatistical factor for large turboprop aircrafts

Kare =1934/ 5 (calculated from k)

or

2
ko =\/2g LY =520k,

Po
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Requirements

Landing Field Length
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My ro /
My I Myro

11
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Requirements

Landing Field Length

mL/SW 500
[kg/m?]
450 - DHC8Q 400 & k
400 - SAAB 2000 # kL =0.137 3
AN 140 @ m
350 DHC 8 Q 300 .ATRTHM,
SABEE Y e 120
mbraer 1ot
300 4 L8200 @ yarey ** Statistical
DHC8 Q100 fTe10050 f t rf r
250 - Shor7ﬂ * y=0.137x IaC orio
. arge
o turboprop
¢ KL Factor aircrafts
100
50 -
. | | | CL,max,L‘SLFL

—Im]
0 1000 2000 3000 4000 12




Optimization Parameters from
Requirements

Take-Off Field Length

By I myq, >

mMTO/SW STOFL
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Take-Off Field Length
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Optimization Parameters from

Requirements
disc loading
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Climb Rate during 2nd Segment

Fro > -(1+sinyj- /28
Myro  Np—1 \E Np.cr

Cmax
G o C, = b
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- A-eq e=0.7

N\

Cp » =0.05C, —0.035

C, >1.1 C, depends on flap settings
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Optimization Parameters from
Requirements

Climb Rate during Missed Approach
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Optimization Parameters from
Requirements
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Optimization Parameters from
Requirements

Cruise

Drag = Thrust
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Cruise

Maximum Glide Ration Estimation

£ = 4 Statistical factor for
o =g k. =11.22 )
Soe ! Sy large turboprop aircrafts
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Cruise

Engine Power Estimation

P/ B =AM"oc" for turboprop engines
Author Ref Nr.  Page Engine A M H
Schaufele [14] 187 generic 1.036 0.101 0.851
Briining [15] 58 T 64-GE-7 1.121 0.168 0.755
Russel [16] 16 Rolls-Royce 1.725 0.267 0.966
Loftin [7] 375 generic 1.089 0.091 0.924
McCormick & Barnes [17] 351 PW 120 1.883 0.740 0.929
Average 1.371 0.273 0.885
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Combining Results

1) Generation of matching chart from optimization
parameters
Mmp; 2) Estimation of relative

[ Me Mg <+— operating empty mass

Myro  Myro

A CR

Myro =

Mo _o B
Mg

z 3) Calculation of relative fuel mass using fuel
B T fractions. Additional distance for flight to an

- SFCg  atternate (200 NM) and loiter time 45 min.
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Requirements

Landing: S, = 1007 m

Take off: Srom = 1290 m

204 Segment n, =2 siny=0.024
Missed Approach: n;, =2  siny =0.021
Cruise: M=041

Range: R=715NM

Payvload: mpr = 6460 kg
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Example Calculation: ATR 72

Results

Aerodynamics and Propeller Efficiency
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Flight Phase Crme: Cr B E 1p
Landing 2.5

Take-off 2.1 0.64
2%¢ Segment 1.46 12.28 0.73
Missed Approach 1.48 10.79  0.73
Cruise 0.503 1574 1249  0.86
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Example Calculation: ATR 72
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Results
Matching Chart
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Results

Aircraft Parameters

Parameter Original ATR 72 Redesigned ATR 72 Difference
mysro [kg] 22800 22025 0.5%
my, [kg] 22350 22466 0.5%
mog [kg] 12950 13021 0.5%
Sw [m?] 61 61.35 0.6%
b [m] 27.05 27.13 0.3%
P (one engine) [KW] 2051 2061 0.5%
Myro/ Sy [kg/m?] 3738 3737 0.0%
Pro/mysro [W/kg] 179.9 179.8 -0.1%
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Conclusions
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« 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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