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Abstract

Detailed specialist knowledge of pre-design, design, aerodynamics, engine
performances and flying performances is necessary for the pre-design of transport
aeroplanes.

In this paper, studies are described which provide the main detailed information on the
above-mentioned specialist topics.

All studies consists of a problem with a suitable solution and the associated results.

The studies are part of the overall task “Systematic design study on a number of
configurations for large aircraft types, in particular for cargo aeroplanes”.

As part of the overall task, a design method was developed which is very user-friendly
and which is suitable for the design of any aeroplane configurations, in particular for
configurations of large passenger or transport acroplanes.

This thesis version shows how 11 transport aeroplane configurations of very different
types can be drawn up. ‘

The configuration results are shown on a scale of 1 : 500 and can be directly used for
more detailed studies, as they are based on calculations.

4 of the first 5 tranéport aeroplane configurations are basic configurations and were
scaled between 200 to 1000 t .

Important flying performance characteristics were calculated for the configurations by
the use of 8 PC programs additionally developed for this purpose.

Validity studies have shown that the described design method provides
useful results.

The main result of the method is that very different transport aeroplane versions
can be developed and compared in terms of flying performances.

Currently, only a few very complex design methods are offered elsewhere which have
the disadvantage that they are only intended for one aeroplane version.

So far, the design method described in this method is fully applied to the first five
configurations.

A next step could be to also investigate the additional six configurations listed here with
the method.
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List of designations

Each study phase report has its own list of symbols for the purposes of clarity.
The symbols in the study report summaries are only written in English.

Due to the large number of symbols used, it is useful to produce a special symbol report
and separate this from the actual thesis.

This version of the thesis contains a complete symbol report as Appendix B.

List of illustrations

_This version of the thesis contains a complete list of all illustrations, diagrams and
results table.

Each illustration, diagram or results table is sufficiently described for each report
summary, so that a special list of illustrations is not necessary per summary.

References

A special section of references of flying performances is attached here, as these form a
central feature of the new design method.
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CHAPTER 1

Introduction



1.1

1.1 The historical aspect

Hardly more than a hundred years have passed since the Wright brothers made their first
officially recognised flights in a motor-driven manned aeroplane on 17. December 1903.

Since then the development of aeroplanes has advanced at a tremendous pace, and the
Wrights’ little biplane has turned into the large passenger or transport planes of today,
which weigh up to 600 t.

After the first successful motorised flights, it was soon realised that aeroplanes were ideal
for the transport of people and goods, if suitable places for take-off and landing were
available, and if the machines could be made large enough.

In the course of time aircraft factories were built in America and Europe, which
manufactured aeroplanes of various kinds.

As a combination of special knowledge and skills was required to build aeroplanes, many
firms specialised in certain types of acroplane, e.g. passenger or transport planes, civil or
military aircraft.

Aircraft firms such as Boeing and Lockheed in America, or BAC and Airbus in Europe, to
name but a few, are well-known to anyone interested in aeroplanes.

The mass-production of large aeroplanes required mass-production of suitable propulsion
units, and so in addition to aircraft factories, firms were set up which built first piston
engines and later also jet engines for acroplanes.

Well-known names among the manufacturers of propulsion units today are General
Electric, Pratt & Whitney (USA), Rolls Royce (UK) and SNECMA (France).

As the aeroplanes got bigger, the landing gear for them also became more complicated,
because greater weights had to be transported or moved safely.

Therefore in addition to the aircraft firms, suppliers specialising in the development of
undercarriages came into being. '

Firms like Boeing and Goodyear in the USA or Messier and SNECMA (France) are well-
known for this today.

The aim was of course to improve the performance of the aeroplanes more and more, but
this was only possible by means of detailed research in the appropriate fields
(e.g. acrodynamics, flight mechanics and aeroplane stability)

The aircraft manufacturers could no longer cover this themselves, and so independent
research facilities and also institutes at universities were established.



1.1

The safety and reliability of large aeroplanes in the sky and on the ground also necessitated
the further development of appropriate flight controls, navigation systems and equipment.
New branches of the industry developed to concentrate on these tasks.

Nowadays we take it for granted that airliners cross oceans and operate at altitudes at which
cabin pressure has to be kept artificially at the normal level.

A high percentage of the transport of people and goods is now carried out by air.

This proportion will continue to rise, since the main traffic routes on the ground can hardly
cope with more, and the need for transport is constantly increasing.

A sensible solution is to build larger aeroplanes, so that more freight can be carried by air.

Passenger or freight aircraft weighing 1000 t and with a load capacity of 250 t could be
produced, if the runways and landing strips could be adapted to the needs of these large
planes. '

10



1.2

1.2 General requirements

For the design of aeroplanes, large companies have special departments with teams of
specialists and engineers with many years of relevant experience.

The design of large passenger or transport acroplanes in particular requires the
combination of comprehensive special know-how such as technical drawing, aeroplane

structure design, design aerodynamics, flying performance and flying characteristics
calculation for design purposes.

The aeroplane designers generally work with methods which have proven themselves
over time and which represent the know-how of the individual company.

The design methods differ considerably from design office to design office, although
actually the same basic knowledge has to be applied.

It is natural to attempt to mechanise aeroplane design and develop a design method
which is generally valid and can be used in every design office for any aeroplane type.

What type of design method is of interest?

One can develop two very different methods which an aeroplane designer can use:

1.) A method which is easier to use, which allows the design of very different aeroplane
configurations at the concept stage.
Any design engineer with the normal specialist knowledge can use it immediately.

2.) A method which is more complicated to use, which is only intended for the design
of a certain acroplane configuration at the pre-design stage.
Only a specially trained expert can use it, as its application requires experience with
the large calculation programs that belong to the method.

How or where can such design methods be developed?

Both methods can actually only be elaborated in an industrial or research project, as
their development is costly and time-consuming.

Design method 1.) is also suitable for the subject of a large study thesis, as the
necessary costs are kept within limits.

This thesis describes the development of a design method according to point 1.).

The description consists of summaries of study reports submitted as a transcript of study
during a course of study at the School of Engineering.

11



1.3 14 1.5

1.3 Research objectives

Initial literature searches and background experience were discussed with the
Supervisor and the following objectives were agreed in November 2000:

1. To develop a systematic design synthesis methodology for large cargo aircraf.

2. Validate part, or all of the methodology by means of comparisons with existing
large cargo aircraft.

3. Computerise the methodology so that a large number of configurations may be
investigated.

4. Extend the methodology to carter for non-conventional configurations.

Perform a number of case-studies to investigate a matrix of cargo aircraft

requirements in terms of payload, range and speed and note the consequences

of civil or military operations.

6. Examine the results of 5 above, to determine trends and make comparisons
between configurations in specific roles to determine the best solutions to meet
the requirements, if possible.

7. Quantify and discuss any uncertainties and make recommendations for further
work. '

v

1.4 Agreed study constraints

Payload range between 50 — 400 tonnes.

Cruise Mach nos. between 0.65 — 0.85

Concentrate on 4 basic configurations, but quantitatively discuss a wider range.
Civil transport aircraft should consider JAR25 airworthiness requirements, whilst
military should consider DEF-STAN 00-970.

Consider existing and future environmental requirements.

”Best Solutions” from objectives will include:-

bl S

AN

« improved loading and unloading

* best to meet volume, density and cargo shape requirements
« most suitable to minimise direct operating costs

+ meet performance an field length requirements

1.5 Plan for communications

Frequency of trips to Cranfield - twice per year. Possible short-courses.
Ad-hoc visits when JPF is in Munich.
3. Reports 1-2 months frequency + monthly letters. One week after receipt of
English version of report :
 Telephone conversation
« Fix up time with JPF secretary
4. Requirement for progress meetings and seminars - tie-in with 6-monthly visits

N =

12



CHAPTER 2

Literature search and description of the state of the art
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2.1

2.1 Literature review

A long study of literature in books and in internet listings for design methods for
aeroplanes, in particular for large transport aeroplanes, produced the following results:

- There is a large number of good books and university lectures on aeroplane design,
but only a few established methods which relate to overall design.

Usually only the basic design elements such as the fuselage, wings, stabiliser and
engine are described and several example calculations carried out.

Often overall aeroplane design concepts are also presented, but the associated
performance figures are omitted.

- There are some computer-aided design methods which cover overall pre-design, but
they are very complex and only apply to one aeroplane version.
(see Appendix C).

Well-known books and documents

J. Roskam (books)

Airplane Design Parts I through VIII (v. 1 - 8)
Introduction to Aircraft Design

(Cambridge Aerospace Series)

E. Torenbeek (Author)
Synthesis of Subsonic Airplane Design

Cornelis Bil

Development and Application of a Computer-based System for
Conceptual Aircraft Design

Delft University Press, 1988, Ph.D. Thesis

Aircraft Design Software Rev.

Discussions:

The AAA (Advanced Aircraft Analysis) code

Started out as a computerized version of Roskam’s eight-volume text:
Airplane Design, PartsI - VIII

14



2.1

Brief discussion of the references quoted in Appendix C:

Multi-disciplinary aircraft design with the program system PrADO

- Collection of sub-programs (FORTRAN) for the specialist fields involved in the design

- The sub-programs are organised in four program levels and linked with each other via a
data management system (DMS).

- In addition, a FORAN-Compiler JAVA and a commercial graphics program AMTEC
Tecplot '

- Four program levels
1st level: data input and presentation of results
2nd level: individual calculation/parameter variation/optimisation
3rd level: iterative design process
4th level: problem-oriented program libraries
- Use of external programs

- At the beginning search for a feasible configuration for the specified
design task

- Specified technological basis

- Configuration optimisation (example 100-seater)
Working mode parameter variations

- DOC-analysis with variable or constant aircraft price

- Growth limits of freight aircraft
Conventional freight aircraft, flying wing freight aircraft

- Evaluation of the use of liquid hydrogen as fuel for smaller regional commercial aircraft

- PrADO is not limited to the design of aircraft.
Evaluation of traffic systems such as cars, maglev trains, ships

- Prognosis methods for system parameters with effects on economic
of commercial aircraft

- Design method for gliders on the basis of the design program PrADO

14 a



2.1

Design methods and aircraft design

- Task-neutral design process
Clarification, conception, design, detailing

Set of construction documents represents milestone and result of the design process

1

'
3
&
=
[¢]
o,

]
=
7
(4]
7

Problem analysis or pre-phase activities, construction of a database

Concept phase, to scale 3D view

Development phase

Construction documents, durability approval, production concept

1
=
=
o
o
=
128
S)
8
1]

Technical specification

Payload, mission profile, performance parameters, airworthiness category

Technical concept

Roll-out, maiden flight

1st stage: basic parameters, limited detail resolution
2nd stage: analysis of the results of stage 1, higher accuracy
- Modularisation of the design process, concept phase
Weights, stability/control/regulation, propulsion, flight performahces, geometry,
loads/structure, aerodynamics, costs
- Linking of modules

Database has central position

14 b



2.2

2.2 State of the art at the start of the programmes

State of the art

Whereas the tools of the aeroplane designer in the 1960s were still the drawing board,
compass and pencil and the parameters for the design were essentially based on the
experience of the designer and his design team, today the situation has improved.

Due to the rapid developments in computer technology, the acroplane designer now has
computer screens available to him with connections to a PC or mainframe computer on
which he can produce his designs.

The computers may have design programs installed (CAD, CAD LT) and all design
details are available to the designer on the screen.

Apart from the basic design programs, more complex design and layout programs are
also available today for computer systems. However, these are mostly owned by
institutions or companies and may usually only be used there. Appendix C contains
examples of these. ' ‘

In general, the method by which the designer creates his designs has only essentially
changed in terms of the aids or tools used. The relevant experience and documents
which the designer possesses still play a major role today.

However, it is conceivable that the procedure for designing aeroplanes will also be
standardised, in particular in relation to different aeroplane categories.

A first step towards standardising the procedure for designing aeroplanes is, for
example, that designs are created in rough, as before, on the drawing board etc. and are
only then transferred to the computer screen, where they can be improved, modified and
also scaled as required.

As computers are usually connected to a printer or plotter, a particular design can be
immediately produced on paper to the required scale.

New approach

The second step towards standardising the procedure for designing aeroplanes could be
to use a fully developed method for which a description is available.

The experience of the designer and other results from relevant reports or calculations
are then used for comparison with the results provided by the method.

This study comprises a new approach for a design method, its development and
application.

This method was developed in particular for different configurations of large passenger
and transport aeroplanes.

15



CHAPTER 3

Research plan
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Research plan

Research plan no. 1:

In the original research plan, points are listed which have mostly been dealt with and for
which the main results are documented in the summaries of this work.

The list of tasks are summarised in tables 1 to 3.

All work completed is marked in the right-hand margin with a cross (x) and next to it
the numbers of the study phases containing the relevant results.

Figure 1 shows the flow chart for research plan no. 1:

A flow chart was produced for the original research plén in which related main points
are summarised in blocks. :

The numbers of the study phases which deal with the relevant contents of the blocks are
listed to the right of these blocks.

The original research plan has a total of 18 main study points, of which 14 have been
dealt with so far.

Therefore, there are still 4 main points to be dealt with in order to complete the overall
task. .

Main study points not yet dealt with are not marked in the right hand margin.
Sub-points not yet dealt with are marked (-) in the right hand margin.
All studies already dealt with or not yet dealt are listed in the flow chart and provided

with the relevant report numbers, but those not yet dealt with have a (-) next to the
numbers.

17



Research plan

TABLE 1 TASKS 1 TO 4

WORK STUDY
TASK ACTIVITY PHASE
1. Determination of Possible Wing/Fuselage Arrangements x 3,4
(Schematic Diagrams) for Large Transport/Cargo Aeroplanes
1.1 Known and Tested Wing/Fuselage Systems x 3
a. Aircraft with Tail Stabiliser (regular)
b. Aircraft with Front Stabiliser
c Tandem Arrangement of the Wings
d. Aircraft with Front and Tail Stabiliser
e. Flying Wing
a. through e. with Single Fuselage
a. through c. with Double Fuselage (stabiliser boom)
, e. with Single Fuselage or without Fuselage
1.2 Hardly Known or Unknown Wing/Fuselage Systems x 4
f. Aircraft with Three Wings of the Same Size
g. Aircraft with Rhombus-Shaped Wing Arrangement
2. Determination of Potential Cargo-Compartment Arrangements for x 3,4
the Wing/Fuselage Systems Listed under 1. (Schematic Diagrams)
2.1 Cargo Compartment in Main Fuselage
2.2 Cargo Compartment in Double Fuselage
2.3 Cargo Compartments in the Wing -
2.4 Cargo Compartment in External Containers
3. Selection of Four Basic Configuration Types for Further, more x 3
thorough Design Examinations, taking certain Selection Criteria
into Account, e.g.:
3.1 Aircraft with Tail Stabiliser and Single Fuselage, Cargo Compartment
' in the Fuselage
3.2 Aircraft with Front and Tail Stabiliser and Single Fuselage, Cargo
Compartment in the Fuselage
3.3 Aircraft with Tail Stabiliser and Double Fuselage, Cargo Compartment
in the Main Fuselage
3.4 Aircraft with Tandem-Arranged Wings, Cargo Compartment in the
Main Fuselage
4. Determination of the Potential Engines for Large Transport/Cargo x 7
Aeroplanes
4.1 Propeller Engines (piston engine)
4.2 Turboprop Engines (PTJ)
43 Regular Turbojet Engines (TJ)
4.4 Fan Engines (jet turbine with front or aft fan)

18




Research plan

TABLE 2 TASKS 5 TO 12

WORK STUDY
TASK ACTIVITY PHASE
5. Differences in Performance and Particularities of these Engine x 7
Types
Speed, Flight Altitude
6. Possible Number of Engines Regarding the Basic Configuration x 3
Types Examined
Failure Safety, Design Solutions
7. Wing and Stabiliser Design for the Basic Configuration Types x 3,6
7.1 Aerodynamic Aspects, Profiles, Flap Systems
7.2 Constructive Considerations, Firmness
7.3 Design Solutions
8. Fuselage and Cargo-Compartment Design for the Basic x 2,3
Configuration Types
8.1 Arrangement and Size of the Cockpit -
8.2 Location, Size and Accessibility of the Cargo Compartment
9. Landing Gear Design for the Basic Configuration Types x 8
9.1 Single Wheel Configuration -
9.2 Tandem Wheel Configuration
9.3 Comparative Considerations
9.4 Landing Gear Concepts
10. Design Concept and Layout of the Basic Configuration Types x 3,8
10.1 Individual Configurations
10.2 General Description of the Configurations with regard to their -
Advantages and Disadvantages
11. Scaling of the Basic Designs x 11
11.1 Different Cargo-Compartment Sizes with Equal Flying Performance
Data (equal mission profile; mission profile = flight altitude, distance,
ascent, descent)
11.2 Different Mission Profile with Equal Freight Quantities (load is equal,
cargo compartment is equal)
11.3 Dimensions of Cargo Compartment and Mission are Different
Scaling: Determination of the Main Aircraft Data
(geometrical data, engine data, flying weight)
12. Determination of the Flying and Transport Function of Large x 12
Cargo Aeroplanes, Various Categories
12.1 Determination of a Corresponding Mission Profile
12.2 Appropriate Take-Off and Landing Distances
12.3 Appropriate Cargo Load
12.4 Appropriate Individual Performance Aspects

(horizontal flight speed, rate of climb, ceiling)

19




Research plan

TABLE 3 TASKS 13 TO 18

WORK STUDY
TASK ACTIVITY PHASE
13. Which of the Scaled Basic Designs meets the Mission Values under x 8,13
12. best? .
13.1 Differences of the Four Basic Concepts in Performance Respecting
Task 12.
13.2 Amount of Fuel, Overall Weight
13.3 Other Differences Influencing a Decision -
Loading and Unloading, Size of the Aircraft
14. Flight Qualities of the Four Basic Configurations x 14
14.1 Flight Quality Characteristics, Corresponding Particularities of the
Basic Aeroplanes, e.g. Mass Moments of Inertia
14.2 Important Quality Values of the Longitudinal and Directional Stability | x
15. Control System under Consideration of the Transport Function
15.1 Which Flight Control System could be used?
15.2 Comparison of Traditional/Electronic Control Systems
Functioning Method, Handling, Construction Concepts
16. Impact of the Control System on the Four Basic Configurations
16.1 Modification of the Geometrical Data and the Flying Weight,
the Size of the Stabiliser when using an Electronic Control System
17. Airframe Structure of the Four Basic Configurations
17.1 Design of the Airframe (mesh structure)
17.2 Construction Concepts of important Partial Zones
17.3 Application of the Finite Element Method for Determining Critical
Constructional Zones
18. Detailed Design of the Presumably most Appropriate Basic
Aeroplane
18.1 Wing and Stabiliser Layout
18.2 Fuselage Design and Cargo-Compartment Layout
18.3 Design of the Engine Accommodation
18.4 Concept and Layout of the Landing Gear
18.5 Cockpit Design
Arrangement of Seats, Controls, Glasswork
18.6 Design Concept and Layout of the Flight Controls

Pitching, Yawing, Rolling
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Development of the design methodology
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4.1

Develo‘pment ofdraﬂ-methods, preliminary comments

Advantages _ ‘ S
An almost unlumted number of concepts for transport aeroplanes can be shown, as
thiese concepts -were recorded or outlined only very roughly.

Dlsadvantages :
A concrete preliminary draft for a selected concept is obtained only after lengthy, -
, detaﬂed drawmg studles

‘ _The companson of dlﬁerent concepts or prehrmnary drafts therefore involves great
effort.. ' .

, :The welght calculatll_ n'-for a selected prelmnnary draft also reqmres great effort and
'reqmres a large sultab,e-'..computmg program

" The resultmg preliminary. draﬂs or conﬁguratlons are already reahst1c and can be used
for-more: detalled Tore’ acciirate conﬁguratlon studles :

As a result of the bas1s of the draﬁ ‘the We1ght calculat1on for a selected prelumnary
draft is’ easy ' : . _

: Calculatlons or compansons of’ ﬂ1ght performances of dxﬂerent concepts are d1rect1y
'p0351ble on the ‘basis-of- the prehmmary draﬂs produced and are also useful, as they all -
use the same- draﬁ basis.

Ho’WeVer, a 'smaller, suitable computing program is useful for this.
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4.1

Assumptions

The main feature of this method is that at the beginning a total aeroplane hold is
designed which consists of 8 to 10 cubic spatlal elements, which are ahgned in
accordance with study section 2. :

The hold is dimensioned by assuming a mean speciﬁc weight for the total of the cubic-
spatial elements, so that a weight results for the total aeroplane hold which equals the
maximum-take-off weight

For a transport aeroplane configuration, wing and tail unit areas are arranged on the
total hold so that a normal aeroplane configuration is produced as a basic configuration.

1t is now possible to arrange the wing and tail unit areas both on the total hold and in
combinations with each other which are different to the basic configuration in order to
obtain new configurations, as described in study section 3.

Apart from this configuration design, it is also possible to increase the number of wing
and tail unit areas, for example to double them, and arrange them accordingly on the
total hold so that more new configurations are produced — see study sections 3 and 4.

With all transport aeroplane conﬁgurati_ons designed in this way, the individual wing
and tail unit areas should always be of the same size as in the basic configuration.

With regard to flying performance this means:
with the same total acroplane hold, each configuration has a different flying
performance or flying speed and range.

Limitations

The main feature of this method is that at the beginning a complete aeroplane hold is
designed which consists of 8 to 10 cubic spatial elements, which are aligned in
accordance with study section 2.

Wing and tail unit areas are arranged in relation to individual hold elements,
where no dimensions are specified.

As a certain ratio between the wing and tail unit depths and the length of the hold or
width of the individual hold elements is necessary for a realistic transport aeroplane
design, only a limited number of wing or tail unit areas can be arranged on the total
aeroplane hold behind or on top of each other.

This limits the number of different transport aeroplane configurations.

According to the studies in study section 3, 5 useful familiar configurations are possible
if only one main fuselage is assumed.

According to the studies in study section 4, 6 additional useful, little known or unknown
configurations are possible if, in addition to a main fuselage, two smaller secondary
fuselages are provided to carry the tail units.
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4.1

VSél'e'ctioniof th’e.a‘ppro‘priate ‘draft basis for the overall task B

“The following comments refer to the short versions 1 to 11 of the PhD thesis.
 The: oﬁginal 're‘se‘archsplan is based on the current draft method

- Imt1a1 c0n51deratlons demonstrated already that the development of comparable .

i transport aeroplane concepts Wlth the associated preliminary drafts with the: current '

- method take up-a great deal of time:and thatJth therefore more- advantageous to- change
the research plan shghtly and work with the new method

3 ’For thls reason two prehmmary studres were carried out, which served to deﬁne a draﬁ :
'ba51s for the new draft method. =

. JjS’tii‘dy phase 1t

A’vIn study phase 5 the draﬁ mCth'Od:IS described Wlth a ﬂow—chart of the assomated'work AN

o ?'the dependence of the aeroplane draft sizes on mput parameters

S 'Approxrmate ﬂlght performances for th1s

" Study phase 2:

‘ phases c

R '.The “mﬂuence dlagr shown on page 3is: of partlcular nnportance here Whrch shows A

e To nnprove understandmg of the method, a: descnptlon of the appheatron for concept 1
-Or: conﬁguratlon 1 ﬁom study phase 3'is attached to this paper -

‘Based on this descrlptron the draﬁ method canalso be understood and followed m
‘detaﬂ ' .

25



41

Possibilities for the design basis

1. Weight of aeroplane and payload

ThlS de51gn basis is espec1ally sultable for de31gn1ng dlﬂ‘erent aeroplane |
~conﬁgurat10ns

There areno spec1al restnctlons regardmg the ch01c _' ‘of propulsmn

2 Engine and propulsié)n category

This demgn basis is used when. the aeroplane type 1s largely deﬁned or when only one' , "- N
) certamengmelspossible co PR R

_ The de31gn engmeer de31gns an aeroplane conﬁgura
drawmg ‘

3. ngspa“and ﬁie*#;clag”é‘leﬁg’ih I

Fora hlgh ﬂymg helght ata medlum ﬂymg Speed.-::‘ Targe wing. sut

A hlgh ﬂymg speed requlres engmes sultable for ﬂ]lS speed
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4.2

Contents of chapter 4.2

Concerning study phase 1 .....cccoveiiiiiiiiiiiiiiiie,

Pre-Examinations on Important Characteristic Quantities of
Transport or Cargo Aircraft, for the Purpose of allowing for Initial
Principal Data Statements for an Aircraft Design to be made

Concerning study phase 2 ......ocveiviiiiiiiiiiiiiiiiiiiiiininnenn,

Preliminary Research on the Size and Dimensioning of the
Cargo Compartment of Transport or Freight Aircraft

re. study phase 3 ....coonininiiiiiii e
Determination of Possible Wing/Fuselage Arrangements for
Large Transport or Cargo Aircraft

re. study phase 4 e e
Determination of Possible Wing/Fuselage Arrangements for
Large Transport or Cargo Aircraft

Aerodynamic centre, centre of gravity, downwash and interference

re. StUAY PHASE S oevrininiieiii i
Methodology for a Systematic Design Study on a Number of
Configurations for Large Aircraft, in Particular for Cargo Aircraft

1€, StUAY Phase 6 ...ouenenrneniniiiiiiiiiiiiie e
Variable Aircraft Polar for Design Examinations on Large
Transport or Cargo Aircraft

1€ STUAY PHASE 7 «ovvvevieieieeeeeeeeeeeeeeeeee e e e e
Engines and Propulsions for Large Transport or Cargo Aircraft

re. Study phase 9 ...o.eneniieiiieiiiiiiiiiie e
Objectives and Assumptions for Projecting Large Transport or
Cargo Aircraft

re. Study Phase 8 ....eveeeciiiniiiiiiiiii e
Determination or Calculation of Configuration and Performance
Data of the Four Basic Aircraft Concepts
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4.2

Page
re. study phase 10 and 10a ........cocoevvinvniiiiiiiii 94
Re-Calculation of the Ranges of Ten Built Transport Aircraft and
Calculation of the Ranges for Configuration Scheme 1
Re-Calculation of the Ferry Ranges of Ten Built Transport Aircraft
and Calculation of the Ferry Ranges for Configuration Scheme 1
Results table page 102 .....oooenininininiiiiiiiiiiiiiee e 105
Justification/explanation
Results table page 103 ...coeeieiiniiiiiiiiiiiiii e 106
Justification/explanation
re. study phase 11 ...oooiiiiiiiiiiiiiiiiiii e 107
Scaling the Basic Configurations
re. Study phase 12 .....oeivinininiiiiiiiiii i 119
Flight and Transport Task of Large Transport or Cargo Aeroplanes
re. study phase 13 ..ooeiriiiinii 131

Which of the Scaled Basic Designs best fulfils the Mission Values 12 ?
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Concerning study phase 1 - .-

,._:Problern an.clsolﬁtion'."‘-‘ |

s aeroplanes is. based

S ,};.,"-»_’Ihe transport capac1ty of Iarge passenger or transport aeroplanes prlmanly depends on L

: _-the main weight shares on WhJCh the max1mum take—off we1ght of each of these o

- -Th‘c followmg deﬁmtron eXis'.t'sf-f'-f‘ _»_- B

; Wmax WE + WPay+ WFuel » . _V ) ; (1)

- EIf the main wei ght shares are- related to the max1mum tak : 'ff;.we1ght . the fOHOWlng o
: ~_‘app11es _ BEEEE e T




_SectiOn 1 |

Equation (6) descriBes the 'ove'rall 'range ‘spectrurn of different transport aeroplane's."'

" To calculate the flight time and range ‘of a selected or hypothetrcal aeroplane the
relations (5) and (6) must be adapted to this case:

TI: (l = (WE/W xnax)aeroplane (WPay max)aeroplane) (1/ SFC)aeroplane (1/ (CD/CL))aeroplane (7)

= (1 = (W!:‘/Wmax)aeroplane (WPay max)aeroplane) (1/ SFC)aeroplane (V/(CD/ CL))aeroplane (8)

The known range dlagram ofa selected aeroplane is: obtamed by makmg the weight
ratio (Wpay/ Wmax)seroplane vanable in the equations (7) and (8)

The ﬂlght time and range equat1ons developed in this way only apply to~

SFC= constant and V= constant ’ _
Results:

A range dragram was. calculated for an. example aeroplane W1th formula (8)

_see page 3.
For the ﬁxed aeroplane vanables in (8) the followmg data were assumed

(WE/Wmax)aemplane O 5 (mean value for large aeropl )

'CD/CL- = O 05 (mlmmum valu )
Winax = 200 t : :

B (WE/ Wmax)aeroplane : (WPay/Wmax)i opla = 1

. The ﬂlght time assoc1ated wrth dlfferent payload ratlos can also be detenmned by
dlvrdlng Rby V. - R . R ,
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Section 2|

Concerning study phase 2

Problem and solution:
With large passenger and transport aeroplanes, the passenger space' or hold occupies a
- higher perCentage of the total aeroplane volume than with most other aeroplanes.
‘Due to the size of the hold of transport acroplanes, it is seldem cubic in shape but is
longer than itis hrgh or wide and adapted to the aeroplane fuselage. .

’ _The shape of the fuselage of large transport aeroplanes depends both on the
requirements of aerodynarmcs and on the size and quantity of the payload.

A mathematical relatlon can: be drawn up for the conversion of a cubic to a non-cubic
-'hold Whlch is more elongated than the cubic one but is less. hlgh or \mde

h°—h2 l—h3 (l/h)-rf (uk) 'f S O

The: relatlon (9) can be converted mto four useful hold parameters

‘hglho,:k L o - - (10)

Why = K1 ’V | o B S o (11)
oy ' SR . (12 |
B as S

e {Wlth (10) the;:- sl 3 3 ae i Qld element can: be determmed for a grven hold
o ;elongatlon eoe" i elent 3 1f the tot . .,p ,yload volume h03 is known o :

e Wrth (13) the helght or wrdth I of the overall cub1c hold can be determmed for a glven B _ o

EEEES j.:fhold elongatlon coefﬁclent k 1f the helght ho of the overall cublc hold i is glven
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Seetion 2
The height | of the max. overall cubic hold is equal to the length of the non-cub1c |

elongated hold.

'l‘he height, width and length of the hold adapted to the aeroplane fuselage is defined
_ with the formulae:

Ch=b=ho K =h @D | | G
= bk =Wal | - @)
b= o (1) = b (U S ae

The equations developed for the space of the actual payload in the aeroplane Can also be -

- applied to the space which a transport aeroplane occupres overall.

) For this, an overall aeroplane volume hy, aemplane is defined and an aeroplane fuselage -
~height haeroplane as well as an aeroplane fuselage length laemplane (withouit nose and ta11)

o assumed

- 'In addltron to the formulae (9) to (16), the following then also apphes

; 3
- h0 aeroplane T Wm‘ax/ Wspec aeroplane ) : (17)

g "Wrth the specrﬁed maximum take-off welght Wnax and mean specrﬁe weight of the
transport aeroplane WSpec aeroplanes formula (17) gives the overall aeroplane volume’ and o
- then the dimensions forthe aeroplane fuselage correspondmg to W,mlX can be found Wlth.i =

'rffhefornnﬂae(lO)to(IG)

1 - Results B

SRR 7 The func’uons of k descnbed by (10), (l 1) (12) and (13) are shown on page 3

were d1mens1oned.:{‘

N .jj_:ThJ's was based on the followmg data

: Wmak"‘ 200 t T
Wspec aeroplane = 0 2 t/m
o h0 aerop]ane =1000 1’1’1 B »
! ":1103 = (1/4) hO acroplane 250 m

| '»"kaeroplane 178

"k—lm

' 'Wlth these data the formulae (lO) to (16) g1ve the dlmensrons for overall aeroplane
hold and cargo space shown on page 5.
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.»jl3‘. .
—

h3
h 3
|3

min. freight volume -
max. freight volume

max. overall volume of the freight
height and width of the freight
length of the freight

h/l = aspect ratio number (1/8)
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Section 3|

" re. study phase 3

Problem and solution:

De31gns of aeroplanes with different conﬁguratlons are normally based on configuration
- concepts which are still very rough and do not contain any calculations.

‘Only after further, more precise graphic studies in which calculations are also made
(determination of the wing and tail surface, estimation of weight) can it be shown
whether the original form of the elaborated aeroplane designis at all possible or what it
should really look like: :

~ The initial ideas discussed in study phases 1 and 2 enable another better way of
' desrgmng aeroplanes in partlcular large passenger or transport aeroplanes!

It begms wrth a conﬂguratxon based on the calcula‘nons descnbed in studles 1 and 2.

- These calculations show the desrgner for example, the expected ﬂymg time and range as
well as the aeroplane size or fuselage dimensions even before more exact studies are

carried- out :

As studles 1 and 2 do not contaln any wmg, tall or. engme calcula’nons these are added
_as'soon.as the size: of the 1mt1al conﬁgura’aon has been deﬁned

Drfferent conﬁguratrons can now be developed by arrangmg e 1nd1v1dual aeroplane
parts (main:acroplane elements) of the initial conﬁguratron drfferently with relation to
- the fuselagerand dlso to each other.: isdlso possrble to‘increase the number of -

indivi 0plane parts ina desrgn ' . '

. _»In thls Way, 5 farmhar bas1c aerop :ane. ""onﬁguratlons and 6 less familiar or: unfamlllar
'3iaeroplane conﬁguranons can’be developed wrth only one m1t1al eonﬁguratlon

.The fam111ar basrc aeroplane de31gns are

aeroplane W1th rear tail (1)

aeroplane wrth front tail @) :

“aeroplane Wlth front and rear tall (3) _
aeroplane with tandem arrangement of: ngs “)-
aeroplane w1thout the normal tail; wings only (5)

L '-Stu‘dy phase 3 only dea‘ls,wl’;h-the farmhar __bas1c aeroplane ‘designs.
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Section 3

. Wing and hoﬁzontal tail calculation for transport acroplane design (1):

S = Winax/ (Wi Sharopane
 (Wand St = ©2) Vo Cut
bs = (As- )
As =1/ k)
As = cs/ Cis
S, = Vo-(S-0)/1s.s
By = s;'/(.(ctsj +el2)
= ol
. -‘oﬁtimum'lift coéfﬁ'§i¢nt‘of tﬁe'ﬁﬁg‘: |
Cropt = ool
. Sweep of wing and h‘dl*iZdﬁt_a‘l tail:’
g5 - maased @3- dine

gs,5 = measired to (0.5 -cyline

o -Fuselage'ﬁn&:éhginé fpb'd”»cdléul'étidi_r:fdff:’g:'gnsjjbrtf acroplane design (1):

o [ Ifuselage T 1aeroplane + 3 5 haeroplane L

engme (I/dl)engme dI cngme - o
VdI,cngme (4 S/n)llz |

SI = (CD/CL) Wmax/ (p Vopt )
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Section 3

Results 1:
' Assumptions-for transport aeroplane design (l):

The wing and the honzontal tail were dimensioned for the overall aeroplane hold shown
~on page 5, sectron 2 based on the following data:

'T;as=o4

B Ps = 150

. thishold.

Wmax—ZOOt _

" Viin = 240 kin/h = 66.67 m/s (at flying height 0 km)
Crmax=1.8
k=0.0415 -

- Vo = l 44 o

c=725m

. ls s 27 m

=035

~ Cpo=0.015
'(Ps,s“='2'2°

; Wrth these data the formulae (1 8) to (26) produce the transport aeroplane Conﬁgur:’ lon S

1 shown'on'page 6 if the wing area is’ allocated to the overall aeroplane hold in
“way that the »connectron hne of the centres of gravrty of the outer* w1ng surfaces ha

. o In conﬁguratron 1 the honzontal tail.area: begms d1rectly behmd the overall aeroplane e '
T | hold Wthh deﬁnes the honzontal tall lever arm : . i

ER "The sweep. 'f’ the honzontal tall shghtly extends the lever arm compared wrth a tall

w1thout sweep

“The' wing posmon depends on the centre of grav1ty of the aeroplane wh1ch was -
~designéd in such a way that it is on the connectlon line of the centres of grav1ty of the :
.- outer ng surfaces
ASSumptions for transport aeroplane designs (2), (3), (4)vand 5): -
The transport aircraft configurations 2, 3 and 5 shown on pages 7, 8 and 10 have the

'same wing and horizontal tail surfaces. (where applicable) as in configuration 1, but the
surfaces are arranged differently to the overall aeroplane hold.
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Section 3

- The connection line of the centres of gravity of the outer wing surfaces is further back in
_‘ configurations 2, 3 and S than in configuration 1.

i -In conﬁgurations 2 and 3 there are two hold elements, in configuration 5
one hold element. ‘

' In conﬁgurat1on 2 the horizontal tail surface halves are attached to the side of the front
- fuselage of the transport aeroplane (front tail). "

: ,‘F'The connection line of the centres of gravity of the outer wing surfaces has a distance to
- the connection line of the centres of gravity of the horizontal tail surface hatves of four
- hold elements which defines the honzontal tail lever arm here

\“ - o Conﬁguratlon 3is the same as configuration 2 apart from a second honzontal tail
T surface whrch begins directly behind the overall aeroplane hold.

o Conﬁguratlon 5 does not show a horizontal tail surface. This is replaced by two- vector
e jetsy Wthh are fitted to the'engine pods. .

- I conﬁguratlons 2,3 and 5, the wing position is defined by the centre of gravrty of the
- .aeroplane which was assumed to lie on the connection lme of the centres of gravrty of
the outer ng surfaces as in configuration 1.

i ._AThe transport aeroplane conﬁguratlon 4 shown onpage 9 is’ charactensed by two w1ng ‘
s surfaces of: the same size on-an: overall aeroplane hold extended at the front. -

Each w1ng surface is the same size as that in conﬁguratlon 1
x The extensron of the overall aeroplane hold is.one hold element

S o The posmon of the two wmg surfaces in relat1on to the. overall aeroplane hold
S ,-ffcorresponds to that of the wmg ‘and honzontal tail surface of conﬁguratlon 2

- The two connectron hnes of the centres of gravrty of the outer wmg surfaces are four
: _hold elements apart. :

AT-he_'centre of gravity is designed in the middle between the wing surfaces.
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Section 3

Re'Sults 2:
Assumptlons for transport aeroplane demgn (1)

For. the overall aeroplane hold shown on page 5 section 2, the fuselage length and the
engme pod 31ze were defined based on the following data:

) 'laerop_lane =40m
N haeroplane Sm
Wmnax=2001
- "Vopt = 600 k;m/h = 166.67 m/s (at flying height 7 km)
- Cp/CL = 0.05 (minimum Value)
l/dI =29

- Wlth these data, the formulae 27 to (3 0) produce the fuselage length and the englne

o pod s1ze of the transport aeroplane conﬁguratron 1 shown on page 6.

- Assumptrons for transport aeroplane designs (2), (3) (4) and (5)

. Th transport aeroplane conﬁguratlons 2, 3 and 5 shown on pages 7 8 and 10 have the .

S ; _fsame fuselage length and engme pod size asin conﬁguratron 1.

h B - Ill rans .- l't aeroplane conﬁguratrons 1 2 and 3 _the engme,.'-__:v .

o __'*the md1V1dual conﬁguratlons p

T '{The posmomng of the engrne pods on the vv1ng in spanwrse d1rect1on is' only

'The transport aeroplane conﬁguratron 4 shown on’ page 9 hasa: fuselage length wlnch is
- .one hold element longer but: the same engine pod size as in conﬁguratrons ‘
1,2;3 and 5. ' :

e:connection line of the centres of: gravrty of th
1fi gur trons 4 and 5 dlrectly behmd T

y "_The dlfferent arrangement is deﬁned by the planned posrtron of the centre of graVIty 1n SRR

: f'provrslonal
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Section 3

Schematic Diagram 1
Transport Aircraft
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Section 3

Schematic Diagram 2
Transport Aircraft
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Section 3

Schematic Diagram 3
Transport Aircraft
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Schematic Diagram 4
Transport Aircraft

direction of flight
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Section 3

Schematic Diagram 5
Transport Aircraft

direction of flight’

aeroplane ‘‘aeroplane

fuselage
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Section 4/

re. study phase 4 ‘

Problem and solution:

o _~Study phase 4 represents a supplement to or extension of study phase 3.
-~ Study phase 4 only deals with aeroplane designs of less well known or
-unknown form.

. These are:

- aeroplane with three wings of the same size in tandem arrangement (6)
aeroplane with.wing arrangement in the form of a rhombus (7)
aeroplane with rear tail and double fuselage (8)
- aeroplane with front tail and double fuselage )] .
= aeroplane with two wings of the sarhe size in tandem arrangement

. -and double fuselage (10)
- = aeroplane with front tail and double fuselage

A outer fuselages thh larger dlameter an

j_ ;For the dlfferent aeroplane concepts mentioned here, aeroplane conﬁguratlons can be

Al -produced by d1fferently afranging the individual aeroplane comporients: of the. 1n1t1al B

_.~.~.-configuration‘1 from section 3 with relation to the aeroplane fuselage and-also to ¢ach
: other

e Ifrequlredf'by the desrgn, the number of individual aeroplane components is 1ncreased""':: R
ot extendedv-by new ones: (addrtlonal aeroplane elements) N

L ‘_:..ng and honzontal tail s 31ze of the transport aeroplane de51gns (6) to (1 l)

esurfaces for ng and honzontal tail calculated for transport aer;oplane des1gn (1) : ;
transport aeroplane conﬁguratron 1 are used in aeroplane de81 gns (6) to (1 1)

2 ]-Fuselage and englne pod size for transport aeroplane des1gns (6) to (1 1)
N ; _The values for fuselage length and engine pod size calculated for transport aeroplane
-+~ design (1) for transport aeroplane configuration 1 are used as 1mt1al data in aeroplane
o f_"desrgns (6) to (l 1) :

;5The values for the engme pod size are not altéred compared with conﬁguratlon 1
R but the number of engmes changes if required by the aeroplane configuration.
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Section 4

Results 1

: Assumptrons for the transport aeroplane desrgns 6), (D, (8); (9) (10) and (1 1)

L The transport aeroplane conﬁguratlons 6, 7 8, 9 10and 11 shown on pages 5 to: 10

- have the same size surface for. wing: and hotizontal tail as conﬁgurauon 1'in sectlon 3
butthe surfaces are sometimes- arranged drﬁ'erently to the overall aeroplane hold
‘ .compared to the basic conﬁguratlons : : S '

B Conﬁguratlon 6 differs from: conﬁguratlon 4 in section 3 in that a second addrtronal

L hold element ‘which carties the third wmg is mserted in the middle between the exrstmg[ﬁ_.
o two wmg surfaces of the tandem : : "

'In conﬁ guratron 6, the aeroplane centre of grav1ty should be on the connectron hne of
1 *-'_outer wmg surface centres of grav1ty of the mrddle w1ng ’ 3

e '_:_;;Conﬁgur ,tlon 9 does not drffer from conﬁguratron 2 in sectron 3 wrth regard to the

. '_"-?arrangement of the wing and honzontal tarl surface to the overall aeroplane hold. .

By ':The honzontal tail (ﬁont tarl) is supported here by two narrow outer fuselages o

'
1
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-' _SeCtion 4

. “which begin in front of the c0nnection line of the outer wmg surfaces ceﬁﬁes' of gravity.
In conﬁguratron 9 the aeroplane centre of grav1ty should 11e on'the connectlon hne of

the outer wing surfaces centres of gravity, as in conﬁguratron 2.

In conﬁguratron 10 there is no- drfference to conﬁguratron 4 in section 3 as regards the
-arrangement of the wing surfaces to the overall aeroplane hold

" The drfference conSISts 1n two outer ﬁlselages thch are arranged between the w1ngs
_ and two addmonal englnes on the front Wlng ' ’ :

"I‘he outer fuselages begrn on the front wing. behmd the connectron lme of the outer. wmg '.
~‘surfaces centres of gravity and end on the correspondmg connectron hne of the rear- '
: Wrng R . :

- In Wlng span drrectlon the outer fuselages are the sam ' ‘fdlstance from the overall
-aeroplane hold as: the engmes ' B _

£ jIn configuratlon 10 the aeroplane centre of grav1ty 1s m the mlddle between the Wlng
[ surfaces asin conﬁguratron 4 B : .

~The aeroplane centr

s i lifie of the outer wing
L -surfaces centres of gravrty, L R

asin conﬁgur tion 2.1
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‘Section 4 |

. Results2
o vASSUIIlpthIlS for the transport aeroplane desrgns (6) (7) (8) (9) (10) and (l l)

: The transport aeroplane conﬁguratlons 7,9 and 1 shown on pages 6 8 and 10 have the
same length of overall aeroplane hold and ﬁlselage as conﬁguratron 1i m sectlon 3.

. The transport aeroplane conﬁguratrons 6, 8 and 10 shown on ages 5 7 and 9 have a ,
o drfferent length of overall aeroplane hold and fuselage compared W1th conﬁguratron 1in
.sectron 3, due to the conﬁguratlon - S

In conﬁguratrons 6;7; 8 9 10 and 11 the srze of an engme pod is the same as that of '
Aconﬁguratlonl in sectron 3. » N

X}Conﬁguratlons 6 and 10 have two addltlonal engln . i'on 'the front wrng due to the h1gher
max1mum aeroplane welght R S e _

the- rear Wrng Or On’ the wing
e outer ng surfaces centres

',In conﬁguratlons 6,7, 9 10 and ll thei{engme‘ e
-due to the. oentre of grav1ty behmd th' onnee
Tof gravrty L

: The engmes are onl Y

are'in front of the:
'.connect1on hne asin T

1e8; the rear engines.are arranged.

‘outer fuselage
outer fusclage c:
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Section 4

lagram 6
- Transport Aircraft
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Section 4

Schematic Diagram 7

Transport Aircraft

aeroplane,

hay

max
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Section 4

Schematic Diagram 8
Transport Aircraft

directrorr o f flight

fuselage
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Section 4

Schematic Diagram 9
Transport Aircraft

direction o

VI e

cargo

max * |
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Section 4

Schematic Diagram 10
Transport Aircraft
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Section 4

Schematic Diagram 11
Transport Aircraft
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rroplane f‘aeroplane
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Aerodynamic centre, centre of gravity, downwash

Aerodynamic centre, centre of gravityxdownwash and interference

Problem and solution:

Conﬁguratlons 1,2 and 3 of study section 3 and conﬁguratlons 8,9 and 11 of study
section 4 represent transport aeroplanes with rear or front elevator units of normal size.

Configuration 5 of study section 3 represents a transport aeroplane without the usual
elevator unit,

The elevator unit function is to be implemented by vector jets on the engines.

With configurations 1, 2, 3 and 5 of study section 3, as well as with configurations

8, 9 and 11 of study section 4, the centre of gravity of the aeroplane lies by definition on
the connecting line of the centres of grav1ty of the surfaces of the outer wmg halves as
seen from above. :

In a flight with a large positive Iandmg flap deflection, the aerodynamic centre of the
outer wing halves also lies approxxmately on the connecting line of the centres of
gravity of the surfaces of the outer wing halves.

The elevator unit therefore does not have to compensate for a wing moment around the
lateral axis of the aeroplane and has no upward or downward thrust and therefore no
induced resistance either.

With this centre of ‘gravity position, the induced resistance of the complete aeroplane is
approximately the same as the induced resistance of the complete wing.

- With this centre of gravity position, the elevator unit does not produce any upwash or
downwash, which would partly impinge on the wing with configurations 2, 3, 9 and 11.

Even without downwash or upwash of the elevator unit, an inner wing section lies in the
wake of the front elevator unit, due to which the zero resistance of the wing is slightly
increased.

Configuration 4 of study section 3 as well as conﬁguratlons 7 and 10 of study section 4
represent tandem transport aeroplanes with two wings.

With configuration 4 of study section 3 as well as with configurations 7 and 10 of
study section 4, the centre of gravity position in the centre of the distance of the
connectmg lines of the surface centres of gravity of the outer wing halves is deﬁned in
the view from above.
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Aerodynamic centre, centre of gravity, downwash

Conﬁguratxon 6 of study section 4 represents a tandem transport aeroplane with three o
wings. :

Here the centre of gravity should be on the connecting line of the surface centres of
gravity of the outer wing halves of the middle wing in the view from above. .

Ina ﬂlght with a large positive landing flap deflection, the aerodyﬁaxmc centre of all -
~ outer wing halves corresponds approximately to the defined centre of gravxty p051t10ns
in the tandem conﬁguranons ,

Therefore, no wing moment has to be compensated for around the lateral axis of the
‘aeroplane.

As with tandem aeroplanes the leading wing produces a downwash, the trailing wing
must compensate for this with a slightly positive landmg flap deflection, if the basic
setting of the wings to the fuselage is the same.

The trailing wing therefore has a greater positive landing flap deflection than the
leading wing.

With the tandem configurations, the trailing wing lies completely in the wake of the
leading wing, which slightly increases the zero resistance of the complete wing.

The configurations shown in study sectlons 3 and 4 have a defined centre of gravrty
position such that a fully electric control system is required for longitudinal and lateral
stabilisation for all configurations except configuration 1.

Results:

For configuration 1 of study section 3, the wing downwash
on the elevator unit was calculated for a normal flight.

The calculation was based on the following data:

C.=0.6
=0 (high position of the elevator unit)

If the elevator unit is arranged at wirig height, the downwash &= 2.7° is produced at the
location of the elevator unit.

The associated induced angle of attack of the wing is o; = 1.4°.
An elevator unit arranged on the side elevator unit in a T-shape elevator unit is not
affected by the wing downwash.
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Section 5|

ré. study phase 5

. Problem and solutron

'In study phases l 10 4 anew desrgn method was presented w1th the a1d of whlch
conﬁguratlons for large passenger and transport alrcraﬁ canbe. desrgned

C The advantage of applymg thrs method is that it produces reahstrc conﬁguratlons whlch‘ o -
are based on: estabhshed basrc assumptlons -

-Thrs de31gn method also enables a large number of dlfferent conﬁguratlons to be
- 'developed and exac‘dy compared w1th each other _ .

:It_'is .useﬁ;l. toexplamthenewdesrgn method wrtha ﬂowchart, see pages3 to7 o



~ Section5
Results :

A flow chart of the new design method is shown on pages 3 to 7.
- The columns of the flow chait correspond to the seven work blocks deseribed on
~ I:Mathomatical equations

e 2Ex1st1nga1rcraft, mputdata S

' 3:Newaircrafy, result data

at dccelerations around the longitudinal, latetal
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Sect1on 6 o

16 studv Dhase 6

: Problem and solut1on

fes' of large passenger or transport alrcraft more

R To determme the ﬂrght perform :
- exactly, the so—called anrcraft pol s of the relevant alrcraft are requrred

It is useful to develop-formulae for a vanable polar whrch can be adapted to any aircraft
conﬁguratron : : :

- For a square alrcraﬁ polar w1th0ut and w1th Wrng ﬂap deﬂectlon the following
. formulae cail: be used R

ey
ST 6

L 2(Wlthﬂapdeﬂecuon) _(33)_‘”’ g
e

ical to the Cpaxis.

ACD ﬂap ACD ﬂap aeroplane v"._.‘ T | » 7 : : : | o : (39) 'j. -
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L k=00415

Section 6
; Resuitsi' |

- The square alrcraﬂ polar was calculated Wlthout and with wmg ﬂap deﬂectlon wﬂh the |

assoc1ated curves CL f (as) and CL ﬂap-— f (oig) for conﬁguratlon 1 from sectlon 3 see- g
- pages3 107 : : o
v ThlS was, ased on the followmg data. E

i -"CD() = 0 015

(dc,/da)s—so S ~
. “ACL fap= 1. 235
ACD fiap = 0: 0079
n +60° (maxnnum ﬂap deﬂectlon)

wmg ﬂap deﬂectlon has three especmlly 1mportant

CLCyCL=005
2. Cp/CL=0.0577

3.CyCL=00577
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Section 6

Aircraft polar for V = 600 km/h in 7 km altitude
without (1) and with (2) flap deflection
or with wing’s rigging angle of incidence (3)
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Section 6

69



Section 6

#craft polsr for V=600 km/h in 7km attitude
W hpurfhprdef eciion St wing's rigging angle

0f;faGidehce

A
N

U i N
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0,0216
0,0300
0,0416
0,0565
0,0600



Trfluence of the

Section 6
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Section 6
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re. Stﬁ’d&’plrase _7'»

. P'r"bBlem andt'sotution‘

o '-’In order to create a ﬁJlI de31gn of a large passenger ot transport alrcraﬂt the engme srze S

P -='-~and the en glne type must be known in addltlon to the drmensmns for the. fuselage wmgs"' .

erent specific ficl consumption, which increases

o obtait the engine diameter

thrust must be given orassumed R :




Section7

* 'In study 7 it was shown that the creation of the following diagrams is essential:

" a) Engine main flow ratio = f (enginie outer dimension ratio), empiriéal,diégfam

!

) Engine main flow ratio = f (e

9 Bagine main flow raio < f engine
B T ~engine A:ypass ratlo)

- -It 1s also useful to make a companson of outer dlmenswns for a bas1c engme

[ ¢ ter 'dlmensmns of an: engme change if other external and 1nternal operatlng '
onditions are g1ven . S S .

ison, the thrust that one engine ¢t

ison, only one engine ge

™



- vSé,Ction7, |

i Formulae for dlagram a)

o 'Calculatlon of the. rat10 of length/dlameter of the engme pods '

' (]./dl)Turbofan = (I/dI)Turboprop + (Al/ A]) - A(l/ dI)Tl!IbO_]et |

G _!i(l/af)m;aﬁmg = '2.;1; _.‘(I/dx')_émppisfaﬁ engine

- (]]dI)Pl‘OPPIStOIl engmc = 10 L

‘A(UdI)Tmbo_let :08

,(AI/A,)MOM' = 0t0 1.0

(a1/ ap_) (11/ dn)

n




o j_‘ ‘S‘ectiorll 7 : |

. _- . ‘Results

: = :.'I‘lxe parameter (1/d1) as well as the engme diameter dI and the engme length 1 were" R RERE
e »‘.':calculated for engme types 1,2 3 and 4 Wlth conﬁgurauon 1 shown on page ¢ 6, ‘
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Schematic diagram 1

Transport aircraft

aeroplane naeroplane

fuselage

Section 7
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e pomts whlch are to be studled where p0531ble

 Section9]

're.‘ study phase 9

Prbblem and solution:

18 main points are listed in the researchsp'

along Wlth the a55001ated subsrdlary

: .obtamed

‘ It is now possible to list study or. research alms that have to be achreved m order toe
'solvé the overall problem. : LT i .

. "Alr'ns:.

1 Matnx of the conﬁguratrons

- It is then posmbie to se_

| Spe01a1 features of the cot

' .'v_other 1mportant features
- rangg, payload
- ﬂymg speed chmblng and srnk_mg speed

arrangement



o ».If.Vfo iﬁ‘c‘t

Calculanon of the runway length

For pomt 5 a formula was developed whlch clearly shows how the runway length
depends on the wmg 1oad1ng W/S : N .

711 ’—VTQ/(?,Xb) T AR PR

even w1th large, ir¢ : R , T
,b - F/m‘= F/(W/g) = /W)xg B T IR R ) S

F/W = constant 02 :

A VTO =. \/ (2/p) x (W/S) X, (I/CL,TO) '

| 'Resﬁlts_-;
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Section 8|

1€ smdy.ﬁhase 8 _' :

| Problem and solutlon :

i In study phases 3 and 4 11 conﬁ guratlons were shown for. large transport alrcraft that

L swere developed Wlth the a1d of the new de31gn method in accordance thh study
. ,phaseS LT T e e 2 ;

s v-In order to- be able to compare the conﬁguratrons Wl'[h one another comparat1ve factors |
o :‘must be deﬁned ' :

- ;_.The followmg are sultable for thls

N




“- Cp;siap,pi- = Cpo,p1 + ACp, fiap; p1 +ke1 - (Cr, flap - ACL, fap, 1)

‘Sect‘ioln» 8

o _}-i#bnﬁiﬂ'ae for est’irﬁétin‘g CDO‘@d k
- Cpo,pr = 2:(Cp 'pn‘)'f;l},, 1>1+ CD iﬁe":fe&xic%?l) S for ¢6ﬁﬁgméti0n 1
E CDO m = Cﬁd Pl +Acﬁ.;ﬁ,erfg,é;,--ce p2 o foi&'c_olrvlﬁgurati'an |
,}ACDmterference P2 ""ACDproﬁle PL” (AS/S) | |
o f.;fcm WE0R)-Cun  forconfigmationd.

: 'CDO P5 ,_ CDO PI - ACD redr elevator = - for conﬁguratlon 5

: VACD rear elevator " (CD prof' le P1 + (1/ 2) CD mterfcrcnce Pl) (S rear elevator/ S)

for conﬁ guratlon 4

88

(61) E
'...(62)j .
@
(65) |
kps'—_ 1/(n As) - . forconﬁguratlonsl 2ands (67)

(68)': S



‘Sectionv8 o

B Formulae for calculatmg ﬂylng performance

>>I.RT'r'xiax - kR (V/ 8)Tmax : | . ‘range Wlth maxlmum ﬂymg tlme o

Rma;('— kR (V/e)Rmax i - max1mum range '

(VY = G W/(p s»‘“/(z (Cod® k)"“)

o ';?':'f_i(V/s)Rmaxf.— e W/(P s))‘”/((4/3)1” 2. ((1/3) (Cno3 k))"")

(V/g)mx = (27/16)1’4 (V/s)urmax ,

' maximum flying time -

89

mt lac for calcul‘ i}ng CD for maxnnum ﬂymg time. and maxnnum. AP

o




Section 8 V'

' ;Results

, '-The followmg data belong to conﬁguratlons 1,2,4 and 5 from sect1on 3 for the
~ maximum ﬂymg welght and the max1mum payload

for conﬁguratlons 1, 2 and 5

) g.ﬁfor*conﬁgurvanon._z}‘

'These payload data refer to medlum-range transport see sectlon 1

i -__"Page 5 shows a. comparatlve dlagram of the quadratlc a1rcraft polars Wlthout ﬂap
- _extenswn for the’ conﬁguratlons 1 2, 4 and 5 from secuon 3. L

1ght ' :omtsd“ cussed m deta1l m study phase 6 for i

alues given are obtained using the.




Section &

Flight point fb.

4jj$onfiguratior*prmetp e * rea? elgvatioM”
guration prinap rfAfrontj  atioh unit
iguration principe4 ,tande
‘onliguration pringipl

Alicratthifs|tAAE ;1(Mte£o 0 A riifi

91



Section 8






Secthrl NIO and 10a!_~_ R

L o sy phdses 10 aid 108

 Problem and solution:

_-=1'0a, 1 :was to be proven that the range formulae fo"' transport

> of the engines of the i

for the above-mentioned parameters canbe -

hich do not coniain range or flying time




 Sectionl0and10a

- Fojthilas for Salelating certaii ranges.

. Ranges with maximum payload:

%



LGB
o CDO = nengmeAI/S o

" Formulae for caleulating Cgp valies: -

"Cpo’ = Neigine~ 3+ ;Af/S'.f e

po- =" Cpo, acroplans category i -

| Sec‘uon 10 and1 Oa e
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long r. mil. transport
‘medium r. transport )
A'long r. transport; “
- M.D. |
 Design pl.
‘- ‘;“'B;oper."w;-
Oper.e.w. |
. ;Man ew.
' .fw Avercrsp

R. f.321 km

o ,S+45 min: cr.

Sec‘uon 10 and 10a
Llst of the Abbrevratlons mcludlng Explanatlons

long range',military transport

' mediu'r'n range trahSPOFt .
: -,lehg range ‘tranSpo'rt' |
'MACDONNEL DOUGLAS

 Design payload

~ Basic roperatlngt weight

e Operating empty weight :

,cr ato, 145 km

f,?jR FAR 121, 645 'f_ R

| Manufacturers empty wexght'f R
“with, Average crursmg speed o o
-Reserves for 321 km
445 min’ crurse |
‘l_crursmg at9, 145 ki
'no Reserves |

Reser FAR121 645 g

| ﬂat crurse power o
_';Beserves for 370 km

460 min hold ats, 05 km

"ume 08

| | +45 mln hold
'ngh speed cruise
_ _'Max crunsmg speed

"Max level speed
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" Table 1 of Results, range with maximum payload R
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f; Table 2 of Results, ferry range or range with maximum fuel '
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_-Section 10 and 10a

'*_v"v-Results table page {02

Iustlﬁcauon/explanatlon

- ThlS table has 5 columns with the followmg contents

© 1" columm:

2% ¢olumn:-

3@ colummn:

4‘5 column:

5% column:

. 10 constructed transport aeroplanes

1 schematlc transport aeroplane

Range, maximum payload, maximum take-off welght

~ if all reserves are still available,

specified by manufacturer, for:
10 constructed transport aeroplanes-
1 schematic transport aeroplane

Calculated range, maximum payload, maximum take—off weight,
if all resérves are used up, for:

10 constructed transport acroplanes,

1 schematic transport acroplane

Calculated range, maximum payload, maximum take-off weight,

- if all reserves are still available, for:

10 constructed transport aeroplanes,
1 schematic transport aeroplane

' _Dlﬁ'erence in ranges of column 4 and cqumn 2 in relation to the
: I'anges ofcolumn 2 (Rless reserves ~ Rless Teserves, deblt) / Riess reserves, debit

The 2nd column and 5th column does not contain any values for the schematic transport
aeroplane, as in this case there is no- manufacturer (yet) and therefore also no difference
in the calculated range Riess reserves O the schematxc aeroplane for 1ange Ryess reserves, deb,t ,
,of the constructed schematxc aeroplane

For three constructed transport aeroplanes (Lockheed L-100, de Havﬂland Buffalo and
Airbus A300B), the lines of the 4th column and 5th column contain two values.

Here the range reserves were calculated in two different ways in order to determme
which method produced the better results.
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- Section -10 and 10a |

.Results table p_age 103

o ,Justrﬁcatlon/explanatron '

: 'Tlns table has 5 columns w1th the followmg contents .

L column:_ .

o , 2 column:

3 column:

4™ column

5" cotumm:
' ~ ranges of column 2

l(} constructed transport aeroplanes

- I schematlc transport aeroplane

,l ) Ferry range wrthout payload maxmum take—off weight
2) Range with maximum fuel and payload,
- 3.y Ferry range without payload '

if all reserves are still avallable

.specrﬁed by manufacturer, for:

10 constructed transport aeroplanes

1 schematic transport- aeroplane

Calculated range lé), _2.) or 3.), if all reserves are used up, for:
10 constructed transport aeroplanes,
1 schematic transport aeroplane

Calculated range 1.), 2.) or 3.), if all reserves are still available, for:
10 constructed transport aeroplanes,

1 schematic transport aeroplane

Difference in ranges of column 4 and column 2 in relation to the

(Rless reserves, Ferry Rlass reserves, Ferry debrt) / Rless Teserves, Ferry debrt

_The 2nd column and 5th column does not contain any values for the schematlc transport
_, aeroplane as in this case there is no manufacturer (yet) and therefore also no difference
*_in the calculated range Riess reserves, Ferry of the schematic acroplane for the range.

Riess reserves, Ferry, debit O the constructed schematic aeroplane

The ranges of column 2 may belong to 1.), 2.) or 3. ) depending on the avaﬂable
specrﬁcatlons of the manufacturer

It is important that when calculating the ranges for the different aeroplane types
_the relevant conditions are taken into account.

" The lines of the table have two data entries:
the upper entry belongs to 1.), the lower entry to 2.)or3.).
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 Section 13|

: Core. study/phase 13

- Problem and solution:

In stud'y phases 3 and 4, 11 transport aeroplane COnﬁgu"rations were derreloped'
according to the new design method, of which the conﬁguratlons 1,2,4 and 5are
- referred to as basic configurations in study phase 8.

- "To be able to compare transport aeroplane conﬁguratrons 5 comparatrve quantrtles were‘
-defined in study phase 8.

Of these quantltles the: ﬂymg performance with regard to range in conneetlon wnh the
e payload isof partrcular interest. :

:'Study phase 8 shows a comparatrve table for conﬁgurat" s 1, 2':"4 and 5 whlch

.+ contains all intermediate quantities necessary for cal uIatrng' the ranges and thelr valnes S
R as well as the mam ranges RTmax and Rmax and the_ _values A TR

o The ranges in the comparatlve table were' determmed Wrth the a1d of the forrnulae (76)

l'- ’-'ffto (80) descrlbed in study. phase 8 and a calculator

- Z'-Apart from ina comparatlve table these ranges can also be drsplayed ina comparatlve -

o ,»»‘-dlagram

Wma; —200t

R Wi = 250, t o Conﬁguratron 4
L WE W= o o .
" Wray/ Winax 0 25 - (for medrurn range transport)

" SFC=0.8 Ib/(Ibf - h)

o “kg=0. 3125 Ibf - h/ib

e The ranges RTmax and Rmax dlffer by the same constant factor vv1th all conﬁguratlons

e = @T16)™ - Rige = 113975 RTmax' - s

- _;If one of the two ranges is known the other can be stated 1mmed1ately
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L Rmax-—4264km M= 0705

Section 1 3 |

" The condmon for this is that the quantrty kg in the range formulae (76) and (77) has the. -
: same value for all confi gurations..
The quantity kR‘ changes according to the traris'r)ert eafegerﬁf'.f |
ke=031251bf -Wib-  Medium range transport
kg =0.15625 Ibf - h/lb - Short range transport
, kg =0 46875 1bf - Wb Long range transport IR
. ij,pe,,y 0. 625 lbf h/lb - Ferry fhght ST e

o Fdr_coﬁﬁguration 1 the PC programproduces thefollowrng ‘hain mission data:

- R’[’max"'3741 km; M=0. 536_

‘h=1lkm

Rpwe=5427km; M=0.946- (cannot be ﬂ
. ,RTmaﬂx—4761km M=0719 -

o M bécomes toolarge)

' _ wCompared to conﬁguratlon 1, conﬁg_h atlon 5 I as_ , SIgmﬁcant advantage 1n terms of>
. ‘range. - S SRR T
: The dlfference is + 14 6 %

e ;Cbmp .toi conﬁguratlon 1 nﬁguratron 4 has no notab e""advantage or dlsadvantage
"T,mtermsofrange - o D : Lo

The drfference 1s only —1 5 %

Compared to conflguratlon 1, conflguratlon 2 has a con31derable dlsadvantage in terms
‘of range. S - : ~
: The dlfference is —8 9 %.
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CHAPTER 5

Validation of methodology
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‘Validation of methodology-

’?'f:;lv‘f.;tndaﬁénﬁofriiéthddbldzv' |

- Study phase 5 shows a ﬂowchart of the new de51gn methodology

o ThlS shows that the followmg can be calculated based on assomated mathematlcal

N 'equatlons :

a) flight p'erfornlances
“b) aeroplane dimensions -
¢) engine dimensions

o There are three ways of working with the’se equations"

1 ) calculatmg results for a), b) and c) vsnth appropnate mput data and determmmg a
- new, theoretical aeroplane conﬁguratlon

2. ) calculating. the results for a), b) and.c) belongmg toa constructed aeroplane with
known input data for the equations and comparing the resulting aeroplane
configuration with the actual configuration;

3.) calculating the results for a) belonging to a constructed aeroplane with known input
data and comparing the resulting range with that specified by the aeroplane

manufacturer.

" For point 2.) it is expedlent to start w1th a theoretlcal aeroplane configuration calculated
in accordance with 1.) and then recalculate it with the aid of the known mput data — see
7 Appendlx A, File 2 document 45. :

~ For po1nt 3.) one has to depend on reliable infonnation of the aeroplane manufacturer
for take-off weight, dead welght payload and ﬁlel reserves of the aeroplane and spemﬁc
‘ Aconsumptlon of the englnes '

The results of pomts 2.) and 3.) enable a statement to be made on the vahdat1on or
quahty of the design methodology.

: Document 45 contains the relevant results for point 2.).

© These results were calculated using the theoret1ca1 basic conﬁguratlon 1 of study phase
3 or the associated data.

The relevant results for point 3.) are given in study phases 10'and 10a.

These results are based on more exact values for the quotients flying speed/drag—hft(
ratio — see study phase 10. : \
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| Vvaﬁd_‘a_t;ion of methodology

w "' '»"Devratlon of the aerogl_ane conﬁguratron calculated m accordance wrth pomt 2 ) from
the actual conﬁguratron ‘ : y

" Surface load: -123% to F31%.

. V\rmgsisan? 15 % to +68%

.‘ 'Fuselage length -3 3 % to + (13 0 %)

Fuselage w1dth +3.4% to + (28 6 %)

| ~Engine inlet dlameter' - 9 2% to. - 3 0%

The new design : methodolo gy is- therefore surtable for pomt 2.);.as great dev1at1ons

values in (), only result from spe01al de51gn features of the actual transport or passenger
aeroplane :

Deviation of the range calculated in accordance with point 3.) from that specrﬁed bv the -
eroplane manufacturer

maximum take-off weight, maximum payload

Range, minus reserves: - 6.9 % to +12.5%

- maximum take-off weight, no payload
mean take-off weight, no payload -

~ Ferry range, no reserves: -3.1% to +5.7% '

The new design methodology is therefore also suitable for point 3) ,
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CHAPTER 6

Discussion of results
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Discussion of results

~ Discussion of results

~ Each section of study phéSes 1to13 deécn"Bes the associated inferim results.
To obtam an overaII overview, 1t is exped1ent to summanse the main results again.

- AStudy phases 1 to 4 describe in detaJl how the method works based on calculations and
. assoc1ated conﬁguratlon de31gns : ,

The result of sections 1 and 2 is a deé,lgh base with the aid of which the maximum
weight and size of an 1mt1al conﬁguratlon is formed- to produce several different
conﬁguratlons ' ' : :

maximum take-off welght 200t

payload for medium-range transport 50t
aeroplane volume 1000 m’

cargo volume 250 m’

This mcludes the approximate flying performance

Range 3750 km (flying time is maximum)
Flying speed -600 kph

Flying height 7 km

Flying time 6.25 hrs

The result of study phases 3 is 5 basic conﬁguratlons which are formed with the aid of
an mltlal configuration:

, aeroplane with rear elevator unit (1)
aeroplane with front elevator unit (2)
aeroplane’ with front and rear elevator unit (3)
aeroplane with tandem arrangement of wings (4)
aeroplane without the usual elevator unit, only wing (5)

The 5 conﬁgurations have the same size wing and elevator unit areas (if the latter exist).
Configurations (1), (2), (3) and (5) have the same fuselage length but with (4) the total

hold is extended towards the front by one hold element for reasons of centre of grav1ty :
- and weight.
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Discussion of results

. ) " Asa result of the dlﬂ'erent wing and elevator umt arrangement on the overall hoId the
' "mdlwdual conﬁguratlons have dlfferent ﬂymg performances ' :

Results conﬁguratlon (1)

S maximum range 4264 km
flying speed M= 0.705
ﬂymg helght 7km

_Compared with conﬁguratlon D), the fo]lowmg range dlﬁ'erences result for the other
' conﬁguranons

: iconﬁguration 2) -8.9%
configuration (3) -was not considered
configuration (4) - 1.5 %
configuration (5) +14.6 %

The result of study phase 4 is 6 extended conﬁguratlons which are also formed with the
aid of the initial conﬁgura’uon (1):
. aeroplane with three equal size wings in tandem arrangement (6)

aeroplane with thombus wing arrangement (7)

aeroplane with rear elevator unit and double fuselage (8)

aeroplane with front elevator unit and double fuselage (9)

aeroplane with two equal size wings in tandem arrangement

and double fuselage (10)

aeroplane with front elevator unit and double fuselage (11)

| Conﬁguration' extensions:

Apart from the main fuselage, wing and eIevator unit areas, configurations (8), (9), (10)
| and (1 1) have smaller outer ﬁJselages to carry or support the elevator umts

' Conﬁguratlon (6) has 2 more hold elements than conﬁguratlon (1) for reasons of centre |
of gravity and weight. '

Configuration (10) has 1 more hold element than configuration (1) for reasons of centre
’ of grav1ty and weight.

* Configuration (7) has wing-tip elements to reinforce the rhomboid wing arrangement.
* Configurations (6) and (10) have two add_itfonal engines on the front wing(s).

These are necessary because the maximum take-off weight is greater here.

139



Discussion of results

- -Study phases 6 and 7 describe aerodynamlc correlatlons and the engmes
- ‘for large transport or passenger aeroplanes =

| The result of study phase 6 isa vanable aeroplane polar in general and adapted

S mathematrcal form

I The constants in the polar equatlons Were adapted to conﬁguratlon (1) and
:vhave the followmg values S ,

CoeﬂiCIent ofthe Zero'resistanee ACDo =0.015
| Factor of the'lnduced resiStance 'k =0.0415 |
'The adapted polar isa square polar Whlch runs symmetncally to the x-axis without wing:
' ﬂap deflection, but is offset upwards.or downwards in the direction of the y-axis with
posmve or negative wing flap deﬂectlon.
| The polar 'sym_xhetricalto the x-axis has three very important flight points:
L Point for best gliding (Co/CL)min
2. Point for lowest descent (Cp2/Cr>)amin -
3. Point for greatest range (CD /C1)min
: The followmg reciprocal variables for these polar points result for conﬁguratlon (1):
L CD/CL =0.05
2. Cp/CL=0.0577
3. Cp/CL =0.0577
The reciproeal variables of 2. and 3. have the same Valuet
The adapted square polar includes the straight line lift coefficient as a function
of the geometric angle of attack without and with maximum pos1t1ve wing flap
deflection. :
‘For conﬁguration (1):
: } Increase in lift of the wing: (dCy/da)s = 5.0
Liﬁ eoeﬁicient with maximum positive wing flap deflection 0of 60°: Cppax = 2.04

Geometric angle of attack at Cpmax: 0 = 23.3°
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Discussion of results
_ .‘__-'_ The ﬁrst result of study phase 7 is the answer to what englnes or o
. _a‘dlnves are surtable for large transport or. passenger aeroplanes ’
Suxtable engmeS’ o | | -
| ) .1 Propeller plston engme (PPE)
2 Prope]ler turb03et engmes (PTJ or turboprops)
| 3. '_I_‘wl_n-cncnlt tnrb_ofan;engmes (TF or turbofans)
4. Turbojet engines (TJ or turbojets)
Mean specific ﬁiel.c,énsumpﬁon SFC:

PPE 023 ke/(EP - by

PTJ 025 ke/(HP - hr)

TF 07 ke/(kp-hr)
TJ 1.0 kg/(kp-hr)

The second result is the ratio of the external dimensions of these engines which is a
function of the main flow ratio and bypass ratio of the individual drives.

Ratio of the external dimensions I/dli
PPE 10
PTI 2.1 (bypass,'ratio_> 10)
TF 221 (bypass ratio = 6)
TI 29 (bypass ratio = 0

The third result is the engme diameter.
The different drives have the same diameter for the specified mean thrust.

‘Result for conﬁguratlon (1)
" T]  &=28m; 1=812m

With mean thrust, the speed of the jet on engine outlet is 2 - V and
with maximum thrust 3 - V.
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~ Discussion of results

; Study phases 8 10 and IOa descnbe calculatlons and assocxated ﬂymg performances for i

the basw conﬁguratlons and the 10 constructed transport or passenger aeroplanes

- The result of study phase 8is ﬁmdamental ranges and assoc1ated ﬂymg speeds for the
3 bas1e conﬁguratlons 1 2,4 and 5. S : »

The follc)wing ran‘ges and spe'eds were ealenlated: s

- range with maximum flying time Rngx
Speed with maximum flying time Vymax

- max1mum range Rmax - _
speed w1th maximum range VRmax

The results of the mdlvxdual’conﬁgurations and the associated interim results as well as -
the Cpo- and k-data are given in the results table of study phase 8.
Range results for flying height 7 km:

Configuration 1: Rymax = 3750 km
' Rinax = 4274.05 km

Configuration 2: Rimax, 1 and Raax,1 - 8.9 % '
Configuration 4: Remax, 1 a0d Ripax;1 - 19 %

Configuration 5: Rrmax, 1 and Ryay 1 +15.3 %

Speed results for flying height 7 km:

Configuration 1: Ve = 16633 m/s
Vimax = 218.91 Vs

Configuration 2: Vmax,1 and Vemax,1 - 3.1 %
Configuration 4: Vrmax,1 and Vrmax,1 - 15.0 %

Configuration 5: Vi, 1 and Vemas1 +4.9 %

Index 1 means : from configuration 1
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Discussion of results, -

R The: result of study phases 10 and 10a i is. fundamental ranges and assoclated ﬂymg
speeds for 10 constructed transport or passenger aeroplanes S

L The followmg ranges and ﬂymg'speeds were calculated.

- maximum range with maximum payload Rmax B
speed VRmax with Rmax ' -

- theoreucal maximum range w1thout payload Rmax, Ferty
- range w1th maxrmum fuel and payload Rmax Fuel
- - range with maximum fuel w1thout payload. Rme

The resulting values for the individual constructed transport or passenger aeroplanes are
glven in the results tables of study phases 10-and 10a. - _

These results were compared with the data given by the aeroplane manufacturer
and are used to assess the validity of the new range formulae used.
Maximum range deviations: |
Ruax: -10.5% to +12.5%  Lockheed L-100 / Airbus A300B
Ruareny * ~31% to +89.1%  Lockheed C-5A/ Airbus A300B
R, ruct: -05% to +2.9% Boeing 737-200C / l,ockheed L-1011

VRFem, :-3.1% to 0% Lockheed C-5A / varlous aeroplanes

Maximum flying speed deviations:

Vimax: -117% to +6.4%  Airbus A300B/ M.D. DC-10, Srs 10

Comments:

‘The great deviation in Rypax, Feny iS due to the fact that here the maximum take-off weight
is assumed but no payload. '

The flying speed deviations were calculated subsequently.
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~ Discussion of results

: '-In study phase 11, the scahng of the basm conﬁguratlons is described and in study phase_"; '. C

12,2 basic versions of the payload/range dlagrams of basw conﬁguratlon lare =~
- :: descnbed ' . ,

: The results of study phase 11 are:-

1 y) 2 scahng factor ﬁmctlons for scahng of the basic conﬁguratlons 1,2, 4 and 5
*'to any maximum take-off weight from 200 tto’ 1000 t

2. ) 2 scahng factor ﬁmctlons for scahng of one lengthened and one shortened basic
- configuration 1 to any maximum take-oﬂ' welght from 225 t to 900 t-
~or 175tt0 700 t respectively . .

3 ) 2 seahng wing Ioad ﬁmctlons of I .) for scahng of the basic. conﬁguratlons 1 2, 4 . |
and 5 to any maximum ‘take-off weight from 200 t to- 1000t :

. 4.)- 2 scaling wmg load functions of 2.) for scahng of one lengthened and one
o shortened i

' or 175tto 700 t respectlvely

From the function of 1.), the following scaling factors are obtained kcate:

Configurations 1, 2 and 5 Configuration 4
200t: 1.0 250t: 1.0
400t: 1.26 500t:1.26
600t: 1.44 750t: 1.44
800t= 1.59 1000t : 1.59

- From the function of 2. ), the foIlowmg scahng factors are obtained Kgcaje:

Configuration 1 Iengthened

Conﬁguratmn 1 shortened

225t: 1.0 175t: 1.0
450t: 1.26 350t: 1.26
- 675t:1.44 525t:1.44
900t: 1.59 700t'159

From the ﬁmctlon of 3.), the followmg scaling surface loads are obtained (W/S)sca;e

Configurations 1, 2 and 5 Configuration 4
- 200t: 0.5 250 t: 0.625
400t : 0.63 500t: 0.788
600t: 0.72 750 t: 0.900
800t: 0.795 1000 t : 0.994

From the function of 4.), the following scaling surface loads are obtained (W/S)scale:

Configuration 1 lengthened

Configuration 1 shortened

225t: 0.563 175t: 0.438
450t : 0.709 350t: 0.551
6751t: 0.810 525t:0.630
900 t: 0.894 700t : 0.696
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- Discussion of results

‘One main result of study phase 12 is 52 versions of the payload/range dlagrams for basw'l: el L

conﬁguratlon 1.

Flying height 7km: n

a)  Weay=F(Ruax) medlum range transport
b)  Wey=f(Rmx)  shortrange transport
) Wpy=f(Rmx) long range transport

" Flying height 7 km: - _
a)  Wey=f(Rrmx)  medium range transport

b) Weay=f(Rrmax ). short range transport
| c) - Wpay = f ( RTmax ) ' long range transport -

The 2 verswns of the payload/range dlagrams also-contain 2 versmns of the
ﬂymg helght/range dlagrams w1th the curves:

’ a) : h=f(Rmax) A medium range transport

b h=f(Ruax) - short range transport
c) h=1(Ruax) long range transport
a) h=f(Rrmax ) medium range transport
b) h=f(Rrmax ) short range transport
) h=f ( Rermax-) long range transport

The associated ﬂlght Mach numbers are entered in these diagrams as horizontal dotted
,hnes

The ﬂlght Mach numbers are dlfferent in the individual d1agram versmns for Runax and
RTmax

The ranges glven in the flying helght/range diagrams at h=7 km correspond to those of
the payload/range dxagrams _

Another result of study phase 12 is the diagrams for zero resmtance
as a function of the flight Mach number and the flying helght/ﬂlght Mach number

. diagram for the ranges Ruax and Rmax.

Both diagrams only apply to basic configuration 1.

 The flying height/ flight Mach numbers diagram also contains the flight Mach numbers

limit, which is defined by the maximum thrust 2 engines and the wave resistance for’
configuration 1.

The maximum achievable flight Mach number is:

h=132km
M = 0.875 for Rymax

" h=10.0km
M= 0.875 for Rpax
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Dis_cussion of results

L | In study phase 13 partxculaﬂy mterestmg results of study phase 8.are compared to showf Sl
S whlch of the ba310 conﬁguratlons 1,2,4 and Sisthe best. R

The result of study phase 13 is a range dlagram for the basic conﬁguratlons 1n whlch
the ranges RTm,,x, Rmx and Rpmy theor. are entered

' Thrs dxagram only apphes to the ﬂymg helght of 7 km and allows a clear comparlson "
of the relevant ranges for the Dbasic conﬁguratlons 1,2, 4 and 5.

The-follong. range' data are enter_ed in the diagram:

| Conﬁgmathn 1 RTm =3740.75km Ry =426353km
- Conﬁgnration 2 Rem=340816km  Rue=3884.47km
_Cenﬁguration‘3: | B R‘Tmaxd= /o Ruax= /
Conﬁguration 4 _RT'M: 3685.11 km Ruax = 4200.12 km
Cenﬁgu:ation 5: | RTm;x =4286.81 km Runax = 4885.90 km

Ferry flight:
Configuration 1: ~ Rifmax,Ferry, treor. = 7481.50 km
Rmx, Fory, theor, = 8527.04 km

f The range d1fferences of conﬁgura’uons 2,4 and 5 compared with conﬁgura‘uon 1
are also glven 1n per cent in the discussion of results of phases 1 and 2

Conﬁguratlon 5 has the blggest range Ruax of + 14.6 % compared with conﬁguratlon 1.

: ‘ The ranges Rermax and Ruax differ for all configurations by a fixed
factor of 1.13975 .

'This also applies to the ranges Rimag, Ferry, theor. a0 Rinax, Ferry, theor.-

. The ranges Rrmax and Rimax differ from the. ranges RTmax, Ferty, theor. and Rmax, Ferry, theor. by a
factor of 2 as the latter are flown with twice the amount of fuel.

'In, addition to Veonﬁgu_raﬁon 1, this also applies to configurations 2, 4 and 5.
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Discussion of results

Study phases 5 and 9 mark special points in the overall study phases.

In study phase 5, important findings thus far obtained, are presented in the form of a
design method, whereas study phase 9 lists study or research objectives to be achieved.

The result of study phase 5 is a flow chart of the new design method.

It consists of 7 work blocks to be run through in sequence if the method is to be used
successfully.

One special feature of the flow chart is the influence diagram, which shows the
dependence of the design parameters of the transport aeroplane such as flight
performances, aeroplane size and engine size on input parameters such as flying weight,
lift, resistance and engine thrust.

The result of study phase 9 is 8 study objectives, of which a vety important one is the
definition of a range for the take-off weight of the transport aeroplanes to be studied.

For this, the diagram of maximum surface load was produced as a function of the
maximum take-off weight (W/S)max = £ (Wmax) for large transport and passenger
aeroplanes built up to now.

In study phase 9, the so-called PhD OBJECTIVES were also defined by the university,
which are listed by number in introduction on page 12.
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CHAPTER 7

Application of the design methodology to S configurations
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) Applieation ’ofv the design methodology “

¢ {‘Aeroplane category

.. Transport aeroplane or passenger aeroplane

e }'-_“,cml or mﬂrtary

- .;_ZAeroplane welghts L ’
- Maximum take-off weight:. 200t to 800t
* Mean payload: 50t to 200t

o Mean specific weight of hold:
S Transport aeroplane 0. 2 t/m>
A Passenger aeroplane 0. 25 t/m

' ' Aeroplane conﬁguratlons possxble

- Aeroplane with rear elevator unit (1)

* Aeroplane with front elevator unit (2)

Aeroplane with front and rear elevator unit (3)

~Aeroplane with tandem arrangement of wmgs &)

Aeroplane without the usual elevator unit, wing only (5)

Aeroplane with tandem arrangement of three wings of same size (6)

. Flight performance for medium range transport, reference values
,Flylng welght 200t ' '

" Range: 3745 km to 4270 km

- Mach operating speed: M =0.54 to M=0.71
- Flying height 11 km o
Range: 4765 km to: 5430km :

- Mach operating speed: M=0.72 to M=0.95

" 5. Take-off and landing runways for medium range transport, reference values -
: Take-oﬁ or landlng welght 200t to 800t

- Take-off runway: 2180m to 3470 m

. Landmg runway: 935 m to 1485 m

. Approach speed on landmg, _reference value
- Landing weight: 200 t
~ Vimin =240 kph '

. Engines

. Turbojet engines
Two-spool turbofan engines
Turboprop engines
Propeller piston engines
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| Apphcatlon of the des1gnmethodology

o Dlscussronofthehmlts ofthemethod Ee

L ‘The sectron “ants for the apphcatron” hsts lnmt and reference Values for basw 1mt1al
¢ - data and assomated ﬂrght performance results whlch the user of the de31gn method
3N [should observe ' '

'_' In addltron, s1x aeroplane conﬁguratrons are named to whlch the method is tarlored

The ﬂlght performance values (range and mach operatmg speed) are, only given for a

- ﬂymg welght of 200 t and one aeroplane configuration (aeroplane with rear elevator
* unit), but are. also valid for the complete range of flying weights from 200 t to 800 t, as

~all welght classes have the same ﬂrght performance values when certain condrtlons are
o ’fulﬁlled - see! study phase 1 ' - : :

. The ﬂlght performance values (range and mach operatmg speed) for other poss1b1e '

aeroplane configurations can be determined relatlvely easily with the aid of the results
table in study phase 8 by multlplymg the given flight performance values (for an -
aeroplane W1th a rear elevator unit) by the relevant factor: :

“In addition to the ﬂight performance values, calculation results are given for'tak'e-oif :
"-and landing runways, which are valid for the complete flying weight range from 200 t to

800 t but which only belong to the configuration of an aeroplane with a rear elevator
unit.

" Further calculation results for take-off and landing runways ‘of other possible

configurations are given for the take-off and landing weight of 200 t for (2), (3) and (5) »

‘and 250't for (4) in document 35.

The information grven in-the section “Lmnts for the apphcatlon are a result of the
study phases 1 to 13
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~ Application of the design methodology

'z'leferent scalmg methods.'are possrble here E

g fFor scahng, the relevant formula numbers from study phase 11 are speorf ed

- Block 7 centams the maln results for the scaled conﬁguratlons

o ’:Theseare;aeroplvane :werght_s,:ﬂrght perfo_rmar_lce parameters and ﬂyiug.characteﬁsticg‘;
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 Application of the design methodology




Ap'pmion‘ ‘o"_f”ﬂae design methodology

. ‘_"i' }v /S)aemplane (t/m ) | ) ‘v -

. _KONFPRINZIBwathvelomtles T

B Calculatxon of take—oﬂ" and Iandmg dlstance w1th the PC—program' ROLLSTRECKE . R
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~ Application of the designmethodology

esign (1), study phase3
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 Application of the design methodology

. Esample for actoplane design (1% study phase3




* Civil Aircraft, Military Aircraft

Requnrements - .
EX‘St'"Q aircraft: —————-———»— Mathematlca! equatlons""""'

T

" Weights —— > Shares of weight:
‘ - BRI -_Take-off'w"eight"
Weight empty

. Payload.:: -

Wexghto fuel

/ Requurements\

New alrcraftlco

fFlymg performance\ R : : — 2 (Regul_érairciaft

- New alrcraft

Rirctaft with fr

-Aivrc‘ra‘ft with f}

- Néw - biasic airc

- - Aéradynamic fé;rcés ——— Individaal :fﬁ:' &s _'Tandem:é?m','éft

*Fiying wing.

-\ Rhombus:wing

-+ Propulsive forces ——————— Individual forces:

: Fue'vonsumptuon
- Specific fuel consumptlon

: ;Block 2 with mput data for the formulae of blpck 1 Blo'ék-«i,' to.desi

' ‘(see summary fsectlons 1 2 and 3, results)

(see summary of sectlons 1 2 and 3 solutvon)
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CHAPTER 8

Overall discussion and outlook
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Overall discussion and outlook

General discussion of results

The result of this paper is a well structured design method for transport aeroplanes
with a take-off weight of 200 t to 1000 t.

The method allows very different aeroplane configurations to be designed and
the main flying performances thereof to be calculated.

The main configurations, also referred to as basic configurations, are:
aeroplane with rear stabiliser (1)

aeroplane with front stabiliser (2)

aeroplane with front and rear stabiliser (3)

aeroplane with tandem arrangement of the wings (4)

aeroplane without the normal stabiliser, wings alone (5)

To calculate performances, formulae were developed and user-friendly
computer programs were produced.

The design method is divided into the following seven sections:
: Mathematical equations

Existing aeroplanes, input data

New aeroplane, result data

New aeroplane, configurations

Differences compared with new basic aeroplane

Scaling of the different aeroplanes

Weight classes, requirements for performances/properties

A R

The method also includes scaling of the conﬁgurations (see point 6) according to a 3-step
process.

For this, study phase 11 contains scaling factors for the required maximum
take-off weights of the basic configurations (1), (2), (4) and (5).

For configurations (1), (2), (4) and (5), the ranges
Remaxs Rimax and Rumax rery as well as the associated flying speeds Vimax and Vrmax
for the flying height h = 7 km were calculated with the programs.

In addition, the payload/range diagrams of Ryax and Rrmax were defined for the flying height
h = 7 km for the basic configuration (1).

The range calculations cover the following transport categories:
a) medium-range transport

b) short-range transport

c¢) long-range transport

With the aid of the computer programs, the flying performances for the four scaled basic
configurations can be calculated, taking the relevant input data into account.
These results then belong to point 7 of the design method.
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Overall discussion and outlook

Comment on the validation:

In the chapter “Validation of methodology”, a detailed description is given of how the
validation of the design method was checked and what results were obtained (see also
Appendix A, Document 45).

The section describes:

- studies on the validation of transport aeroplane configurations which were created
with the method

- studies on the validation of range formulae for transport aeroplanes
which were used in the method

Comments on problem and solution:

When given in a block and not in the text (several formula are given one below the
other without a text), the formulae given in this section are written in the simplest
sequence for understanding the calculation of individual results.

For example, first the formula of the main parameter required, then there follows the
expression of the required sub-parameter in the formula for the main parameter.

Apart from a few additions, the formulae of the summaries are the same as those in the
unabbreviated study reports, but all symbols are written in the English style.

Comments on the results:
The results given in this section are described per summary to the required degree.

The configurations, diagrams and results tables of the summaries are the same as in the
unabbreviated study reports, but here too all symbols are written in the English style.

A more detailed discussion of the results is given in the unabbreviated study reports of
file 1. (see also Appendix A, Study Work Phase 10, 10a and 14)

The chapter “Discussion of results” describes in detail the main individual study phases.
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Overall disc_ussvion and outlook

Resulis table ,’

PhD OBIECTIVES

Number .'of"studyfpl}l_'aSe |
‘Number o’f;'do.pum_e':nf '

Comments

1.

,quer, page

x title of-vPhD'Thesis

10, 10a

X

|45, Validation calculations |

10, 10a

. 6.

17.

CONSTRAINTS

2

B

&

X= ch/ere‘d'. .
(x) = partly covered
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’ {}i_‘Here the results of_ .are to
. 'f'conﬁguratrons.;_"

_Oyerall diScusSion and outlook

Comments on achievement of the PhD obj ectives

Objectrve 1:
This states everything that is to be developed
, Thrs is achieved with a clear overview of titles for the thesis.

B Ob] ectlve 2: :

- This demands that the methodology developed 18. conﬁrmed by comparisons with
‘existing large transport aeroplanes. This is .achieved in study phases 10'and 10a by
‘recalculating the ranges from transport aeroplanes already in use with the néw range

formula and in"document 45 by the redesign of 3 existing and 2 projected transport

- aeroplanes with the developed de31gn and scalmg formulae B

-Objective 3: : : :
" This demands that the methodology 1is computer-arded or works with eomputer
: ‘{programs so that 4 large number of- conﬁguratlons can be studied: This.condition is
given w1th the aid of the desrgn formulae of study phase 3 and use of a; calculator as’
“well as 8 PC; programs : - : :

fObJectrve4 , TR S

‘The methodology should also allow: the developrit
- This-can be. done in study oh
N study phase 3. .

Objectrve 5

fObJectrve 6

_ _:,specrﬁed requrrements can : ol
Correspondlng studres were: eamed out in. study phase 12

;Ob}CCthC 7 , ' N : '
- ‘Here uncertainties are to be determrned and dlscussed and recommendat1ons for further P
~studies are:to bemade. :

“Study phase 11 produced correspondmg pomts for example hlgher ﬂyrng speed w1th ’
";fscallng to Very hlgh maximum aeroplane weights. : .
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~ Overall discussion and 0ﬁf1¢°k ‘

Restnctlons .

o Restnctlonl

o ._Restnctlon4

- The payload range should be from 50 tto 400 t
The scaling studies of study phase 11 produce a useful range of 50 t to 200 t for medium
; range transport. - , : S

' Restnctlon 20 ' '
* “The flight Mach number for ciuise should be between 0.65 and O 85 _

o Wlth basic configurahon 1'it is between 0.54 and 0.71 at a ﬂymg height of 7 km and
' 'between 0.72 and 0 875ata ﬂymg helght of 11 km — see study phase 12.

Restnc‘uon 3 8 ' '

‘In partlcular 4 basw conﬁguratlons should be exammed but quantltatlvely also a larger
orange.:c . . o :
o Thls 1s dealt Wlth 1n study phases 3 and 4

ulations JAR25 or c1v11=tran S f'ort aeroplanes and regulatlons DEF STAN 00 970 for

1 64




Overall discussion and outlook

Outlook
The new design method has shown how
a) an already realistic initial transport aeroplane configuration can be produced

b) with the aid of the initial configuration, 4 further transport acroplane configurations
can be developed so that 5 basic configurations are produced

¢) with the aid of the basic configurations, 6 additional, extended transport aeroplane
configurations can be produced. '

As with the basic configurations the individual fuselages, wing and stabiliser areas apart
from configuration 4 are of the same size but are only arranged differently to one
another, differences in flying performance result, which enable the configurations to be

compared.

As the basic configurations were also scaled, a transport aeroplane configuration can be
selected on the basis of take-off weight, payload and flight performance specifications
as well as other aspects.

Based on this configuration, a more exact design could then be produced which
corresponds to a conventional preliminary design
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CHAPTER 9

-Conclusion and recommendations
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Conclusion and recommendations

" Conclusions and ,reconnnendatrons ,
» | What results does this-study produce? |
The summanes of study Teports’ 1 to 13 mcludmg appendlx show alarge fumber of
- individual results, which in ‘particular serve the purpose of developmg a-useful design
i _method that can-be used wrthout a large amount of drawmgs and mathematlcal alds

- »'The md1v1dua1 results are made up of

o conﬁguratlon drawmgs of drﬁ'erent types '
- result diagrams of- ﬂymg performance and: aerodynamlcs
- result tables of ﬂym' performance and aerodynamlcs

g‘e transport aeroplanes as 1ts vahdlty was conﬁrmed by comparatlve
calculatlons '
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Conclusion and recommendations

Coinnlents on continuation of study phases
- What study phases are still to be completed so that the OVeralltask is fulfilled?
The PhD objectlves are essentially covered by study phases 1.to 12.

, However the ongmal research plan has 18 study phases; so that 4 studles are: stﬂ] to be -
:carned out if the overall task is to be completed , . :

':So far 14 of the planned 18 study phases have been- camed out
What-st'u'dles AhaVev-pnon‘ty. based, on the results so far?

fStudy phases 8 and 13 have shown that basm conﬁguratlon 5 has clear range advantages' .
‘compared to the other basw conﬁguranons 1,2and 4. ‘ B

b ' 1c-aconﬁgurat1on 5 d1ffers from the other basw conﬁguratlons due |

'What other studles are unportant based on the results so far?

:In studyephase 4; 6 unusual transport aeroplane conﬁguratlons were developed for
- | ght performance data are available so-far in this study.
- »It Would-beuseﬁll to produce a- comparatlve table snmlar to that i in study phase 8
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. AbSt'ract_

) .In ‘thls Work Report, I shall détail the results of a study whlch starts nnmed1ately from Report
B 1 and is based on the partial results gamed there o - ‘

Flrst the Report reveals how a number of algebrarcal equatlons were denved whlch describe a _ﬁ :

I ;plam cargo-compartment geometry (helght wrdth, length, and as ct:ratlo) :the case of a

o given volume Subsequently, these mathematlcal ﬁmct1ons are deplcted by means of four

s d1agrams ‘which shall allow for readmg the cargo-compartment parameters and facﬂrtate .

- dlmens10mng tasks.

3 Report 3 shall descnbe how these two quantltles are determmed

ThJS report does not clann to be: complete or. ﬁnal Its purpose is to fsel..‘:‘ 1 ] ctfor
' :record within' the ﬁamework ofthe Study Pro gramme '

PHD Design, 'Structure"s and Systems.




Study Work Phase3

Determmatlon of Possible Wing/FuselageArrangementsforLarge Transportor Cargo :
" Schematic diagrams with descriptions of:
- aircraft with tail stabiliser (normal) o
- aircraft with front stabiliser -
: - .-axrcraﬁ with front and ta11 stablhser _
i V-alrcraﬁ with tandem arrangement of the wmgs s o

Vi »»ialrcraﬁ w1th0ut stablhser (ﬂymg wmg)

. —f Cranﬁeld Umversrcy, College of Aeronautlcs B
L Course 6f studles PhD De51gn, Structures and Systems B
», ‘:._"Student Andreas Mederer o

C Remos

4"-:-' Number oflpéges‘: 32 o

- —study identification seet — . -

183




. ABS_ﬁact K

In this Study Work Phase schematlc dlagrams of mng/ﬁlselage arrangements wﬂl be o -

’- deplcted for five dlﬂ'erent transport or cargo alrcraft types

- The followmg known and tested conﬁgm'atlons are concemed

‘,.sqherhatic'diagram"" il L
“schematic diagram2
- schematlc dlagram 3.

_ .,:,;schematlc dlagl‘am 4

| alrcraﬁ with stai;ﬂ}ser (normal) o
- aircraft with front stabiliser -
o ‘alrcraﬁ w1th ﬁont and taﬂ stabﬂlser

| schematic diagrams - aircraft w

oL ‘_alrcraﬁ W1th two tandeni—arranged wmgs RTINS




: The geometncal and three—dnnenswnal aspects that are essentral for the reSPeCtlve_ ," o
- _conﬁguratlons are mcluded mthe descrxptron - _ ’_ T
. fspecxﬁcatlons respectmg the posrtlon of the centre of gravrty of the a1rcraﬁ and nnportant o '_
: conﬁguratron—dependent quantltles referrmg to the longltudmal stabrhty are drscussed brleﬂy _

o _'_.In order to orgamse the alrcraﬁ conﬁguratrons and theu‘ descnptlons systematlcally, all._-'_ ,. .
deplctlons have been based on the samé: schematlc dragram descnptron set-up (see page 3)
, .The items: hsted therem are taken into ‘account. for all deplcted aircraft types (for more details,
'j:seepage 17) R S |

Th]s report does not clalm to be complete or ﬁnal Its purpose is to serve as a: performance. B

e v'record wi hm_the ﬁamework of the S,{f dy programme




v Detemnnatlon -of Possible ng/Fuselage Arrangementsfor Large Transport‘ or- Cargo |

o ,Schematlc dlagrams wrth descnptlons of R .
- Aucraﬂ with Three Tandem—Arranged ngs of the Same SIZC

>A1rcraﬂ with. Wings Arranged 1n the Shape ofa Rhombus

. :‘Alrcraft thh Ta1l Stabrhser and Double Fuselage - f S

RN 'e' SlZe and Double Fuselage

- Ancraﬁ wrth Front Stabﬂxser and Double Fuselage ;;Outer Fuselages havmg a Larger

. '-Dlameter -

i,-»; _Cranﬁeld Umversrty, College of Aeronaut1cs ’_f o

1 Structures and Systems

. ‘Numberofpages:30 .

: ,;;.sfu’dyiidénﬁ'ﬁcaﬁoﬁ:shgét S | L
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: -In thls Study Work Phase schematlc dlagrams of wmg/fuselage arrangements will be
) ;""depxcted for six. ddferent transport or cargo ancraﬂ; types.
’ The followmg hardly known or unknown conﬁguratlons are: concemed

s : ;'Schematlc Dlagram 6 ' _:4.'A1rcraﬂ w1th Three Tandem—Arranged Wings of the Same Slze .'
2 Schernat1c Dlagram 7 | Aircraft with W'mgs Arranged in the Shape of a Rhombus
fSchemaﬁc Dlagram 8 " "Alrcraﬁ with Tall Stablhser and Double Fuselage
: Schematic Dlagram 9,;2.;' . '-_Ancraﬁ with Front Stabxhser and Double Fuselage S 5
S "ematlc Dlagram 10 An‘craﬁ thh Two Tandem-Arranged W'mgs of the Same Slze and -
‘ ' E;ADouble Fdselage ‘ ' : SR

Schemat1cD1agram11 Aucraﬁ w1th _"'ont Stab1hser and Double Fuselage Outer Fuselages:‘ A __ Sk

:"havmg aLarger D1ameter o

.wmg area, he- "wmg span, as well as the wmg aspect ratlo and the ﬂlght speed were also S

- mcluded



- depictions ha

o ,Prov1ded that the take-oﬁ‘ werght and. the wmg area remain the same, the data estabhshed m‘ o
_. Zthls process approxrmately also apply to the other conﬁguratrons ' o

' "'”_AvFour of the alrcraﬁ—conﬁguratlon schemes shown - here are- not known yet- or devrate‘

3 '_'srgmﬁcantly from what i 1s known, therefore it seems approprlate to conduct a number ofj pre- .

':;exammatrons in order to. allow for: an initial companson with basic scheme 1

s These pre-exammatrons shall be descrlbed in Study Work Report 5.

' -The geometrlcal and three—dlmensronal aspects that are essential for the respectlve-‘

B conﬁguratlons are mcluded in the descrlptlon onhand.

: -;_,'Specrﬁcatlons respectmg the posrtron of the centre of grav1ty of the arrcraﬁ and unportant"ff_v._i::-'1'

e conﬁguratlon pendent quantrtres referrmg to the longltudmal stab1]1ty are d1scussed bneﬂy

‘_;'In order to orgamse the arrcraﬁ conﬁguratlons and thelr descnptrons systematlcally"'_'ﬁall;;.;:' S

‘en based on the same schematlc dlagram descrlpt n'-set—up (see page:

" The rtemshst ‘,'_':therem are taken into account fot all deplcted arrcraﬁ types""(f ' rnor_

E ,see pages 4 and 5)

. PhD»’Desig‘naStruc'ﬁlfeéﬁandfsréfe?ﬁ?é SNE

s



" Methodologyfora e v o e :
_"-Systemailc Desxgn Study on. a Number of Conﬁgumtxons for Large A1rcra:ﬂ:, m Partlcular for - ".‘ - : L
_-'»‘V'ECargo Alrcraﬁ L ’ : RS
o DCplCthIl No 1

SCranﬁeld Umvers1ty, College of Aeronautlcs _

o seof studles PhD De31gn, Structures and Systems
'Student Andreas Mederer o |

‘{;f-l__‘Ref 952943 . |

* Created on: Qctober 11%,:1999
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| Abstract

A'*In thrs Study Work Phase the methodology on whlch the Research Programme is based W111 =
L be descnbed or deprcted ' ' ' '

'{So far 'he descnptron only mcludes those elements the exammatron or portrayal of Wthh: B

has ‘been. recogmsed as partrcularly lmportant The md1v1dual steps have only become clear
: v over the: course of Study Works 1 through 4 and are therefore not described in the ﬁrst draﬁ of -
. 1 the’ Research Programme orin the ﬂow chart belongmg toit. | ' '
A number of the elements deprcted in the methodology are also mcluded in Research

‘,‘f’Programmel however.

| The worL to be done accordmg to the ﬁrst draﬁ of the Research Programme mﬂuence the c

' PhD Design, Structures and Systems.
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: Vanable Alrcraﬁ Polar for R , e
- De51gn Exammatlons on Large Tmnsport or Cargo Alrcraﬁ

Relatlons between Llﬁ Drag, . _ o
-_Llﬁ/Drag Ratlo and ng Flap Deﬂectlon e

“‘Cranﬁeld Umversrty, College of Aeronauncs - | S | |
Course OfStlldle PhD ] Desxgn, Structures and Systems"': e
Student Andreas Mederer ' S EER
- __'Ref 952943
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Abstract

" In Study Work Report 6, a variable aircraft polar s described respectively with and without
wing flap deflection in a mathematical and an algebraical form.

 The variability is achieved by means of alterable, constant quantities in the equations which
~ have been given different numerical values for various aircraft designs. With the help of these
alterable quantities, the polar can be adjusted to an already existing aircraft or it can

approxiruately describe the aerodyn'aiuic .qualit‘ies of suchan _aircraﬁ. -

__The form of the Vanable polars is that of a quadnc parabola whlch is premse enough for the _ |

 linear1 range of attack

'-For a transport alrcraft m the medl‘

: ght categoryf (200 1); 1 the polar is adjusted |
nespondmgly Thls adJust' ent ; ( negatlve deﬂectlons of the wmg ﬂaps '

: 1nto account, so 1t is: possible to exatmne or calculate the most 1mportant ﬂlght statuses.

1mportant ﬂlght pomts are md1cated:'the»pomt for _best ghdmg and for Ieast descent More |
' mformat1on on thiis can be found on pages 13 and 14 ’ ‘ ' ‘




Page 28 also shows this aircraft polar without wmg flap deflection. Here, other than on page
26, three significant flight points are indicated for comparisen: the point for best gliding, the

point for leastvdescent, and that for the maximum range.

‘On pages. 16 to 20, the aerophyswal mtelrelatlonshlp between these three ﬂlght points is
’ epramed in detail.

Subsequently, the ,numerical values of the characteristic quantities (Cw/Ca), (Cw?/C4%), and

(Cw’/ CA) are *determined for the depicted aircraft polar without wing flap deflection. These

numerical values. cai then'be used for prehmmarlly calculatlng the range, the ﬂlght speed the '
requlred thrust and the rate of clirub and of descent

Apart from the numencal values mentloned the values of the aerodynamlc quantltles such as .

seisto serve as aperformance

. 1%




Study Work Phase 7

' ,'Eﬁ’gﬁ‘les' arid'P’ropuls"_i»dns for

- Large Transport or Cargo Aircraft -

Companson of
TurbOJet Turbofan, Turboprop
' and Prop_el_ler Piston Engmes

v:» ‘v‘f.Cranﬁeld Umversrcy, Co]lege of Aeronautlcs : ,
o Course of studles PhD Des1gn, Structures and Systems o
f{Student Andreas Mederer |
- Ref 952943 -

;114“‘ 2000
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Abstraot

| For the prehmmary draft and/or de31gn of a large transport or frelght aeroplane more:
) ‘mformatlon is requlred regardmg the eéngines to be used for the aeroplane in addltlon to the basic

- ;data descnbed in Study ‘Work Phases 1, 2 3,4and 6.

" In the'present Study Work Ph‘ase 7, the pertinent engines of existing} Iarge- tran:s'port"-va'erdplanes‘ R
- will be compared based on corresponding companson parameters. Comparlson parameters are to’

thls purpose engine data-which have a direct 1mpact on the de31gn. _

»'The companson wﬂl be made in graphs so. that the spe01al engme data form
. }and/or are values of an- emp1r1ca1 or mathematlcal functlon Trends w1ll thus

'- :Jmtermedlary solutlons can. be gathered

. This study. shall present the following graphs:

ratio, = f (engme external dlmens1on ratlo)

o= f (engme bY pass ratio) .

. condltlons (operatmg parameters) are glven Exampl': ca

' vlthe graphs and comparlsons to elu01date the relatlonshlps more clearly

‘Schematlc dlagrams of the pertment propu]smns are deplcted on pages 10 and 11 to prov1de a .

better understandmg of the various engme types




All of the examples refer to the basrc conﬁguratlon accordmg to schemiatic diagram 1 (200 t
arrcraﬁ) as described in Study Work Phase 3 ’ '

‘The engine external . dimension comparison also proceeds from a basic engine based on

'sehernatie diagram 1.

To create the graphs and conduct the calculations, it was neCessary to re-estimate the essential - -

" physical rudiments for the ‘generation of thrust: by means- of turbOJet and/or bypass turbOJet :
| 'engmes beforehand see: pages 13-15. ' |

o _-Th1s report does not. claim to be complete or ﬁnal Its purpose is to serve as a performance record- SRR

= wrthm the framework of the study prograrmne -

phD De“sign',..str.uqturesﬂarid Systertis.




O Ob ctive :":k"sumptlons for Pro;ectmg
L Large Transport or Cargo Aircraft -
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.Overview

In this section of the study paper ‘main and secondary objectives are listed that have -

become recognizable due to the work accom'plished so far in accordance with the

research plan. - | |

These real ob_]ectlves must be. ach1eved if the mtermedlate as well as the end results

depicted in the research p]an are to be reahsed ' )

The Ob]eCtIVCS specrﬁed here also depend onthe methods used whlle workmg on the

‘ various points in the research plan : .

: By ob]ectrves 15 meant here concretely desrgnated and/or formulated techmcal, pr03ect-
related results ' ' '

The: real ObjeCUVCS are hsted m a sequence such that the mam result and undemeath this -

the mtermedrate results are glven. When elaboratmg the partlala goals 1tem 5 sha]l be
: -almed at ﬁrst and 1tem 1 last. '

performance record wrthm the ﬁamework of the stu, ¥ pro gramme N

' 'PhD Design, Structuresan Systems.




Study Module 8

* Determination or calculation of ¢onfiguration and performance data
for the four basic a1rcraft concepts ‘ '
- Dataofs : ‘
" Aircraft with rear control umt _
Aircraft with: front contro ‘ :
* . Aircraft with tandem arrangement of the wmgs
Aircraft without control unit. (all-wing)

‘ -Cranﬁeld Umver31ty, College of Aeronautlcs

- Course: of Studies: PhD: Des1gn, Structures and Systems
v Student{f:Andreas Mederer , ,
, Ref 952943 U




In study module 8, fundamental configuration-and performance data relating to four selected
- basic configuration models are determined or calculated.
. Some. of the: conﬁguratlon data for the basic configuration models were already featured in
~module 3 in-the: plan views of the an-craﬁ the rest were determmed as part of this module
:based on the 31de views. :

o The avallable performance data for’ the four selected basic conﬁguratlon models are based
partly on aeronautical relationships from module 6 and partly on new equations denved from
o those of module 6.

. The equatlons in. module 8 feature constants which vary from one conﬁguratlon model to
* - another and have to be prec1sely calculated. DU

“‘These constants are the Cyy and K—factors for the symmetncal a1rcraf[ polars ;

-'The Cwo factor determmes the zero drag and: the K-factor the induced. drag of the alrcraﬁ

The rest__llts of the Cwo and K—factor ‘ alculatlons are represented both md1v1dually (see 2) and' o
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Study Work Phase 10

: Re-calculatlon of the ranges of ten built transport aircraft and

: ca]culatxon of the ; rangcs for Conﬁguratlon Scheme 1

) Appli(iati()n of the New Range Formulas for Transport Aircraft

Cranﬁeld Umver51ty, Oollege of Aeronautlcs =

E . Course of stud1es Phl D681gn, Structures and Systems
-Student Andreas Mederer '
' ’Ref 952943

' —study identification sheet—. A
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- ) Abstract

. In thrs report, the ranges of ten transport aircraft which have been built or are currently bemg
- operated shall be re-calculated, and these re-calculations shall be explained.

g The explanatrons have been set up in a- way that all caIeulatrons can be comprehended and the S0

= amﬂuence of mdmdual 1mt1al data becomes apparent

";The calculatlons are based on formulas and ﬁmdamental data whrch are detaﬂed in sectron l

The calculations respecting the individual aircraft have all been carried out 'foﬂowing ‘the same

* basic procedure, since the aim was to always use the same set of formulas.- Dependmg onhow

~_:complete the initial sets of data for the various aircraft were, the 'set of formulas was elther -

I.extended or reduced

T , el,‘set of formulas used grves the followmg mformatlorL |

'_ :Ba’src-set".o-f;formulas: ‘
o Cem maxnnum range with maxnnum payload mthout reserves
e maxrmum range with maximum payload, wrch reserves

R maxrmum range without payload wrthout reserves S

"'-Extended set of fonnulas

ed on maxrmum ﬂlght.tlml‘ it At

eferrmg to the burlt arrcraﬁ to een the
alculated-range;and- the actual range has been stated in percentage numbers.m thetable.r L

: ';;’ Thrs report does not clarm tobe complete. or ﬁnal Tts purpose 1s to serve asd performance ,
L _record w1thm the framework of the study programme S

PHD Design, Structures and Systems.
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Examination of the Results of the Calculations:

In order to make it easier to evaluate the executed calculations, the results of the range
calculations respecting the analysed transport aircraft have been compiled in a table, see page
54.

Altogether, the ranges of ten built aircraft have been re-calculated and compared with the
statements of the aircraft manufacturers. Moreover, the corresponding data have also been
elaborated for Configuration Scheme 1.

The table of results reveals that the calculated range data differ only slightly from the
information of the manufacturers, barring three exceptions.

The average absolute difference, including the three somewhat more significant deviations, is
6.3%.

The more significant deviations are results of the calculations referring to the Lockheed L-
100, de Havilland Buffalo and Airbus A300B aircraft. The maximum deviation is 12.5%.

Excluding these three results, the average absolute difference is only 3.9%.

For the three aircraft with the more significant calculation result deviations, a second range
value or a second deviation in percentage numbers has been stated in the table (bottom line).
These numbers are based on a different assumption for the hold fuel of the aircraft Lockheed
1-100 and de Havilland Buffalo, whereas, for the Airbus A300B, they are based on a lower
flight speed (speed for maximum flight time).

The additional calculations have been carried out in order to determine which assumptions the
range calculations should be based on, in order to yield results which come closer to the
statements of the manufacturers.

If the second calculation result is considered instead of the first one, the average absolute
difference compared to the actual ranges for the ten built aircraft is only 4.6%.
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 Study Work Phase 10a

= Ré%cdléﬁiatidnv of the ferry faﬁgés of ten built transport aircraf[
- and calculation of the ferry ranges for -Conﬁgtlfatfon Scheme 1

g 3 A]iplicétion of the new range formulas for transport aircraft o

Cranﬁeld Uni{'ersity; School of Engineéring | )
VCourse of studles PHD D<351g11, Structurcs and Systems :
N '_Student Andreas Mederer -

Ref 952943

|~ stady dentstionshct
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Abstract
- In thls report, the ferry ranges of ten transport a1rcraﬁ whlch have been burlt or are currently
bemg operated shall be re-calculated, and these re—calculatlons shall be explamed

- The explanations. have been set up in a way that all calculatlons can be comprehended and the
o eﬁmt of md1v1dual 1mt1al data becomes apparent o :

- The calculatlons are based on formulas and ﬁmdamental data whlch are’ detalled in sectlon 1

“The calculatlons respectmg the md1v1dua1 alrcraft have all been camed out followmg the same
- basic procedure, since the aim was to always use the same set of formulas

. The 'set of formulasused gives the following informaftic')n:

'Basie set of forrnulas B

i .'for condltlons A and B : ;
' maxnnum range w1thout payload w1thout reserves
- max1mum range wrthout payload, w1th reserves o

“for. condrtlon C : ' R :
- maxrmum rangeswnh payload'- and max1mum fuel w1th reserves
” ay at :'ad_ wﬂh maXJmum fuel and w1th reserves




In order to allow for the calculated ferry ranges of the ten bullt transport ancraﬁ to be compared
~ with the ferry ranges of Configuration - Scheme 1, the corresponding. range values of
' Conﬁguratlon Scheme 1 have also been calculated for condltlons A and B.in this study . .

| “These calculatlons have been camed out for Conﬁguratlon Scheme 1, usmg the basrc engmes -

- and for Conﬁguratlon Scheme l usmg the alternatrve engmes

:The ferry ranges correspondmg w1th the st of formulas and the ranges “with payload and

-maximum fuel of the ten built transport alrcraﬁ and the ferry ranges of Configuration Scheme 1

have been Juxtaposed in-a table-for companson purposes In order to allow.for the calculation

~ results referring to the built aircraft to-be-evaluated;. the differences between the calculated -
_ranges and the actual ranges have been stated n percentage numbers in the table

,‘The d1ﬂ‘erence between the calculated range and.'f_‘he actual range is shown both for the Tmain -
. companson condltron C and for the secondary comparlson condltlons A and B ‘ o

A more detarled descnptlon of the €0 drtrons"A and C can be found on page 10.

. Tlns report doesnotcla “be- complete or’ ‘:ﬁnal ts’purpose is: to serve as'a performance
. ‘rrecord Wlthm the ﬁ'amework of the' : ’ : '
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3.11
Examination of the Calculation Results:

As was the case in the report on Study Work Phase 10, the results of the range calculations
respecting the analysed transport aircraft have been compiled in a table.

Altogether, the ferry ranges and some of the maximum fuel ranges of ten built aircraft have
been re-calculated and compared with the statements of the aircraft manufacturers. Moreover,
the corresponding data have also been elaborated for Configuration Scheme 1.

The table of results contains three types of calculation results for the following conditions:
Results stated in the upper line for each aircraft type:

A maximum take-off weight without payload and without reserves

B maximum take-off weight without payload, but with reserves

Results stated in the lower line for each aircraft type:
C payload and maximum fuel with maximum take-off weight, with reserves

or ,
no payload, maximum fuel with reduced or maximum take-off weight, with reserves

Moreover, the available data of the aircraft manufacturers have also been stated in the table
for conditions A, B and C. :

The calculated range results were compared with the data of the aircraft manufacturers for
conditions B and C.

In three cases (Boeing 707-320C, Boeing 747F, Airbus A300B), the payload corresponding
with the stated range was calculated, since the manufacturers of these aircraft do not state any
payload.

In two cases (Lockheed L-100, M.D. DC-10, Srs 10), the take-off weight corresponding with
the stated range was calculated, since the manufacturers of these aircraft do state the zero
payload, but not the matching take-off weight.

The table of results reveals that the calculated range data for condition C of the remaining
four aircraft differ only slightly from the information of the manufacturers. The average
absolute difference is 2.5 %.

The calculated range results for conditions A and B are theoretical ranges, which only become
achievable if the fuel tank volume of the respective aircraft is large enough to reach the
maximum take-off weight without payload. "

The deviation between the theoretically possible ferry ranges and the manufacturers’ data

vary from 17.6 % to 89,1 %, barring one special case. This special case is the Boeing 737, the
maximum fuel range of which is almost equal to the maximum payload range.
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© Study Work Phiase 11

* Scaling the Basic Configurations

- Scaling Configuration Scheme 1

- Scaling Configuration Scheme 2 -

- Scaling ConfigurationScheme 4 - -
='Scaling Configuration Schetne 5

Theoreical Foundations and Scaling Results

Ref:952043
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: vastract
I ln this 'rep’oft, the scaling of the basic conﬁguration schemes 1, 2, 4 and: 5 shall be described
and documented ‘ o

fIn the descnptlon, the- theoretlcal foundations of the scaling method and the con'espondmg
) algebralcal formulas shall ﬁrst be stated in section 1.1.

B The scalmg method is’ based on the deﬁmtlon of an overall alrcraﬁ volume that is made up of8

" volume elements (also see Study Work Phase 2). The 8 volume elements can either be lined up |

. ‘or put to gether to forma cube that i is then scaled on a larger or smaller overall alrcraﬁ volume- ,

» ,Along with' the theoretlcal founda’nons it shall be shown how to derive the scahng factor fora - .
- desned maxunum take—oﬂ‘ welght and how this factor aﬁ‘ects the wmg load s

: :To allow for scalmg a conﬁgurauon scheme at random, the so-called scalmg factor ﬁmctlon"'--"f‘ o

| '»'vshall be developed in sectlon 1. 2

Sectlon 1,..3 ‘-
- »--under Work Item 1T of the Research Programme

"w1ll deal w1th the 3 useﬁll scalmg possiblhtles that have already been mentloned":j, -

: 'V-Sectlon 2 wﬂl show the actual sca]mg of the 4 basw conﬁguratlon schemes £

_ configurat nschemes.'Therefore sect1on3 descnbes.how to‘ proceed when'scahng the,A other
.;conﬁguratlons Cor ' L e o

_Report sectlons 4,5 and 6 deal w1th aerophy31cal v':'
g "ﬂlght performance data that can change due to the apphed scahng method

. 209

lleS Such as wing load zero drag arid o




: Only quahtatlve statements on the correspondmg changes are made here

_. However if the flight performance data of the scaled basic conﬁguratlon schemes are ' to be‘
determmed preersely, the computing. programmes KONFPRINZ1A: and KONFPR]NZIB that
. -.,have been developed within the ﬁamework of thls study can be used.

o Sectlon 7 descnbes what ‘has to be con51dered ‘when scalmg the srde v1ews of the basrc’ -
conﬁguratton schemes 1, 2, 4 and 5. . : o

ThlS scahng process is not shown in’ Study Work Phase 11 However statements on how to L
; "proceed are made. - , . .
- This report does not claim to be complete or final. Tts purpose is to serve as’ a performance"'- i

»record Wrthm the framework of the study programme e

PhD Desrgn, Structures and Systems
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'thht and transport task
, 'of large transport or cargo aeroplanes
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Overview

In study phase 12, the flight and transport task of large transport or cargo aer0p1anes is
investigated in detail. ’ -

First in section 1 payload/range dragrams for a sample aeroplane (conﬁguratxon prmmple l)
are descnbed which were calculated with the computer program KONFPRINZ1B. '
The program produces two different types of payload/range dlagrams namely for maxn:uum
-ranige or maximum flight time.

The basic theoretical pnncxples for these calculatlons are described in sectlon I.1.

Then in section 2 the dependency of the ranges on the- ﬂlght altrtude is described for the sample -
aeroplane (configuration principle l) whlch was also calculated with the computer program S
- KONFPRINZIB. e .
“As with the payload/range dlagrams there are two types of dlagram for the dependency of the L
 rangeson the ﬂlght altitude, again‘for maximum range or maxrmum ﬂrght time. CoL
The basic theoretrcal prmmples of: these calculatlons are’ descnbed in/ sectlon 2 1

the ma)umum thrust of the engmes L :
“In séction 3 these ﬂlght restnctrons are dlscussed<for the sample :aeroplane (conﬁguratlon
‘ pl'll’lCIple . _ T . _ .

. _' rmssron proﬁles

'_':*ff ~conﬁgurat10n prmcxples 1, I 1, 1 2 and 1 3

L Thxs report does not claJm to be complete or: ﬁnal ST B
3 It Serves only as ev1dence of studres made as part of the study program

PhD De31gn, Structures and Systems A
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) Abstract

- In Study Work Phase 14, formulas for significant flight-characteristic quantities concerning. the
- static and dynamic longitudinal stability which are particularly suitable for designing large
 transport aircraft shall be developed first. Afterwards, calculations for configuration schemes 1,

' 2 4 and 5 shall be camed out with these formulas.

‘ ‘In sectlon 1, the ‘term ' “static longltudmal stabﬂlty shall be explamed on the basis of
- appropriate formulas. ‘Then it shall be shown how to create a.formula expression for the so-
~ called horizontal stabiliser volume which' includes the position of the aircraft’s centre of
. _gravity in. relation to the wing’s centre of pressure as well as the aircraft’s mass moment of
© . inertia.. With this formula for the horizontal stabiliser volume, the horizontal stabiliser for a
- random aircraft can easily be laid out -in: basic, also taking the longitudinal dypamics into
- consideration.. The-formula for the honzontal stabiliser volume can also be depicted as a layout
vdlagram, see page 12 :

v In sectlon 2 the dynamlc longltudmal stabﬂrcy shall be»- described with the help of equatlon (l) S

- _'{for the -oscillation’ of .the angle of attack. Thxs €q
: fresihence and attenuatlon of the os ﬂlatlon is. concerned whlch are- formed by the alrcraft’ .

on: mcludes constants, as. far ‘as.the .



~ In sections 5 and 6, calculations of wo and ¢ of the oscillation of the angle of attack for
»conﬁguratlon schemes 1,2,4 and 5 shall be descnbed in detail.

In sectlon 7, the equatlon (3) of the track angle: oscﬂlatron shall be stated in addition to section
- 2,anda simple formula for the natural ﬁequency o of thls oscx]latlon shall be denved

= rSectron 8 w1]1 demonstrate correspondmg calculatlons of o) of the track angle oscillation for
'conﬁguratlon schemes 1, 2 4 and 5. :

- In sectlon 9 the results of the calculatlons will be dlscussed with the help of result tables

i 'Thls report does not clalm t6 be complete or ﬁnal Its purpose is to serve as a performance- o
: «record wﬁhm the framework of the study pro gramme - :

g _#_31gn, Structures and Systems
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Discussion of the Calculation Results

1. On the Oscillation of the Angle of Attack

On pages 30 through 37, calculations for configuration schemes 1, 2, 4 and 5 have been
shown. For these calculations, the formulas developed on pages 15 through 19 as well as 23
through 29 are used. All calculations have been written in a clearly understandable and
verifiable way. The natural frequency and attenuation of the oscillation are determined for
each configuration scheme. Since only configuration scheme 1 is stable in the basic layout
(see Study Work Phase 3), control quantities of artificial stabilisation are taken into account in
the calculations in order to achieve useful values for the flight characteristics wp and ¢. To
make the characteristics values of the various configuration schemes comparable, the
numerical values of the control quantities have largely been kept identical in the calculations.
Only for configuration scheme 5 the numerical values of the control quantities have been
enlarged by factor 10, because smaller values would not lead to the desired values for the

flight characteristics quantities mo and ¢ here.

On page 41, the calculated values for natural frequency and attenuation of the oscillation of
the angle of attack have been entered in the upper table.

The following calculations have been carried out for configuration scheme 1 (CS1):

Determining the natural frequency and attenuation:
1. Without stabilising device and without attenuator
2. With stabilising device and without attenuator

3. Without stabilising device and with attenuator

4. With stabilising device and with attenuator

The following calculations have been carried out for configuration schemes 2, 4 und 5 (CS2, CS4

and CS5):

Determining the natural frequency and attenuation:
4. With stabilising device and with attenuator

Item 1 was not calculated because CS2, CS4 and CS5 do not work without a stability support. Item
2 was not calculated because CS2, CS4 and CS5 do work with a stability support, but an
attenuation support is also required. Item 3 was not calculated because CS2, CS4 and CSS5 do not

work with an attenuation support only.

4. 216



To be able to evaluate the numbers entered in the upper table for natural frequency @o and
attenuation ¢, the corresponding set-points must be known.

Set-point for wo of the o - oscillation : 2.2 1/s
Set-point for ¢ of the o - oscillation: 0.3 + 1.0

From the upper table, it becomes clear that for CS1, case 3 meets the requirements.
In case 1, the attenuation is too low.

In case 2, the natural frequency is too high.

In case 4, the natural frequency is too high.

Moreover, the upper table shows that, of the principles examined in case 4, only CS2 meets
the requirements approximately. For CS4 and CS5, the control quantities must be changed to
achieve the upper set-points in the calculations. The control quantities have been enlarged by
factor 10 for CS5 because the moment arm from the aircraft’s centre of gravity to the vector
nozzle is much smaller than the corresponding moment arm in the other configuration

schemes.

2. On the Track Angle Oscillation

On page 41, the calculated values for the natural frequency of the track angle oscillation for
configuration schemes 1, 2, 4 and 5 have been entered in the lower table.

For configuration scheme 1, the following applies in case 3 of the upper table:

o - oscillation of the angle of attack / wy - track angle oscillation = 2.2860 / 0.05898 ~ 39
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'Study, 'Work Phésé 13

Whmh of the scaled basw des1gns best fulﬁls the mlssmn values 12?

' Differences i in performance of the four ba310 de31gns with regard to task 12

o Cranﬁeld Umver ity Se hool ofEngmeermg




- Overview

-Study phase 13 mvest1gates whrch of the four basic conﬁguratron principles is the best in
terms of transport capacity:
" To determine thiis; a comparatrve basis or a basm transport mission is necessary, which -
fcontams the two ranges Rrinax. and Runax in addition to the take-off and landmg field length as
) well as cl]mb and descent ' :

RTmax = Range -for ‘maxim um flight time
- ‘;Rmax'; ma)d'nmm-range
__These ranges can now be calculated for every basic configuration prm01p1e which was done in o

. study phase 8 with: provisional Cy, values and in Calculatlons no. 1 wﬁh exactly calculated
- Cwo values for the four basic de31gns o

In order to determme the best: conﬁguratlon prlncrple in terms of range ‘the | range. values RTmax 3.2: . N
and Riziof a basic conﬁguratlon principle’ are: apphed to the relevant range values of the kR P
jf"selected basrc transport mrssron. ' v

: ectron 1 states whrch baSIC transport mission is to be used as the comparatlve basrs and'
< the correspondmg values for RTmax and Rmax :

ThlS report does not clarm to be complete or ﬁnal R
;It serves: only as. ev1dence of studres made as part of the study program

PhD Desrgn, Structures and Systems
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;of Study Work Phase 8
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Configuration scheme 1, side and front view, DIN' A1 |

Data sheets for conﬁguratlon scheéme 1, 4 sheets, DIN A4

- Description: sheets for configuration scheme 1,2 sheets, DIN A4
_ Sheet of symbols for conﬁguratlon scheme 1 DIN A4




| 'Of StUdy Work Phase 8

. Contents. I '

- Configuration scheme 2, top view, DIN Al DIN A4
" Configuration scheme 2, side and front view, DIN A1, DIN 44
* Data sheets for conﬁguratioh scheme 2, 4 sheets, DIN A4
- Descnptlon sheets for configuration scheme 2, 3 sheets, DIN A4
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DRAWING FILE 3
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~ Configuration scheme 4, side and front view, DIN A1, DIN A4
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S f.‘Sheet of symbols for conﬁgura’aon scheme 5, DIN A4 T
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.~ Configuration scheme 1; top view (coloured), DlN Al,DIN A4
- Configuration scheme 1, side and front view (coloured), DIN Al DIN A4
Descnptlon sheet for. conﬁguratlon scheme 1, DIN A4 .
of top view (coloured), side and front view (coloured)

. ’De31gnat10ns sheet for conﬁguratlon scheme 1, DIN A4

" of top view. (coloured) side: and front view (coloured) o
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Configuration scheme 2, top view (coloured) DIN Al DIN A4 -~
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‘Descnptlon sheet for conﬁguratlon schéme 2, DIN. A4
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Demgna’uons sheét for conﬁguratlon scheme 2, DIN A4
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i Course of studles PhD De31gn, Structures and Systems
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- _'Created on: March 30" 2002
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" Configuration scheme 4, top view (coloured) DIN Al DIN A4
- Configuration scheme 4, side and front view (coloured) ‘DIN Al, DIN A4

o Descnptlon sheet for configuration scheme 4,DIN A4

- of top view (coloured), side and front view (coloured)
’ -DeSIgnatlons sheet for conﬁgura’aon scheme 4,DINA4
Cof top view (coloured) 81de and front v1ew (coloured)
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o Created on July I 7"’ 2003




 POSTER ROLL 4
’ Vof Study Work Phase 8

: .Contents. -
ks fConﬁgurahon scheme 5, top view (coloured) DIN Al DIN A4 =
o .Conﬁguratxon scheme 3, side and front view (coloured), DIN A1, DIN A4'
' 'Descnphon sheet for configuration scheme 5, DIN A4 '
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. Scalmg of Conf guratlon Prmclple 1 step no. l and 2

| Sectnon of Study Work Phase 11 L

-Cranﬁeld Umvers1ty, School of Engmeenng o

: ‘;-Course of studies: “PhD- Demgn, Structures and Systems
_Student Andreas Mederer TR LR

' }'Ref 952943 L




o Contéhts:

‘ Sca]mg of Conﬁguratlon pnn01ple 1 dlﬁ’erent ‘payload:
| ;Max TO-welght 200 t; payload 50 t (basm aeroplane)
| M Max TO—wexght 400 t, payload 100 t
R Max TO-welght 600 t payload 150 t -,

o kMax TO-welght 800 t payload 200 t

cali _*":"of Conﬁguratlo _:"?.pnn01p1e 1 constant payload, dlfferent fuel-welght: o

50 t, ﬁlel—welght 50 t (basm acroplane)

yag --50 t ﬁlel-wexght 75 t

ds _0:'-ts¢‘ﬁ}jel‘-wc;_ght,:::2.5~~t .

fax TO-weight, Configuration principle 1:
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Scalmg of Conﬁguratlon Prmclple 2, step no. 1 and 2 ST

A:‘Sectlon of Study Work Phase 11

: »Cranﬁeld UmverSIty, School of Engmeermg , -
,'_Course of studles PhD Demgn, Structures and Systems ,

232
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" ‘Contents:

Scalmg of Conﬁgllration princi‘pler 2, diﬂ‘orenl pasflOad: |
| ) Max TO-We‘ight 200 t, payloa'd‘S(b) t(basxc 'ae"r_oplaae)- o ‘
Max TO—Welght 400 t, payload 100t
k"_:’Max TO-welght 600 t payload 150 ¢

) Max TO—welght 800 t payload 200t

'8 g of Conﬁguratlon prmmple 2, constant Payload dlfferent fuel—welghtf '_; o

-we1ght 225 t payload 50 t ﬁlel~welght 75 t

‘-welght 175 t, payload 50 t, ﬁlCl—WClght 25 t o : N

"‘:‘f'factor for dﬂferent Max TO-Welght Conﬁguratlon prmClp Ie 2

al = f (GA)
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; ',Scalmg of Configuratlon Prmclple 4, step no 1 and 2 . . .

_ Section of Study WOl‘k Phase 1
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“Coutse of studies: PhD Design, Structures and Systems : - o

_ Student: Andreas Mederer
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Scalmg of Conﬁguratlon pnnmple 4, dlﬂ'erent payload

-Max TO-welght 250 t payload 50 t (basm aeroplane)
.' Max TO-wclght 500 t payload 100 t

‘Max TO-welght 750 t payload 150 t

Max TO-welght 1000 t, payload 200 t




' -'-Scahng of Configuratlon Prmcxple 5 step no. 1 and 2

-Sectlon of Study Work Phase 11

: Cranﬁeld Umvers1ty, School of Engmeermg :
'Cours_e of studles PhD Demgn, Structures and Systems :

1.01.2003




‘Contents: .

; ScahngofConﬁgurahonpnncxpleS diﬁ‘efent payléad: |

Max TO—welght 200 t, payload 50 t (ba51c aeroplane)

Max T :"elght» :DOt payload IOOt
Max To-w;_ ght 600t payload 150 t

' ',Max TO—welght 800 t, payload 200 t :




- Scalmg of Configuratmn Prmcnple 1, stepno. 3

~ _Sectlon of Study Work Phase 11

. 'Cranﬁeld Umver81ty, School of Engmeenng v A
-.Course of studies: PhD Design, Structures and Systems

o ~-_Student Andreas Mederer S
;,Ref 52943 '
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_ Coﬁté:n_t’s:‘

' .Scalmg of Conﬁguratlon pnncxple 1 4, dxﬁ‘erent payload mcreased ﬁlel-welght
' Max TO-welght 225 t, payload 50 t, ﬁlel Welght 75 t (basw aeroplane) o
, AMax TO—wexght 450 t payload 100 t, fuel welght 150 t -

-'_'Max TO—welght 675 t, payload 150 t ﬁlel welght 225 t

'Max TO-welght 900 1, payload 200 t, ﬁlel welght 300 £

“ "Scalmg of Conﬁguratlon pnn01ple 1. 5 dlﬁerent payload decreased fuel-wexght

_'MaxTO. v ';ght 175, payload 50t fuel-welg_ 25

- :Max TO-wexght 350 t payload 100 t, fuel—welght 501 t

asw aeroplane)f’f::_ R ERD SRt E
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~ Calculations no. 1

- wnth the computer programs no 1, 2 3 4 and 5

or CWOZTAB cwoz.‘ffijz' CWOZTAB4, CWOZTABS and KONFPRINZI "




Calculations: -

' jZero drag calcﬂatlon for Axrbus A300B

- Ze >'drag‘cal 41at10n for conﬁguratlon prmmple 1 _

" Zero drag calculatmn for CO; '_ -’ rinci iple 2

_"Zero drag calculatlon for conﬁguratlon pnncnple 4 ‘- ,_" o

_Zero drag calculatlon for conﬁguranon pnnmple 5 '

Rangecalctﬂanons or




- .Ca,lculétioris no.2

~ w1th the computer programs no. 1and 6

"or CW02TAB and KONFPRINZIA ,

- Cranﬁeld Umversxty, School of Engmeenng ,
- Couise of studies: PhD. De81gn, Structures and Systems :
- Student: . Andreas Medercr KRR o




" Calculations:

: _Zero drag calculauon for Lockheed C-5A, Galaxy sheet no. 1-

._ :-"_.Zero drag calculatlon for Lockheed C-SA, Galaxy sheet 1no. 2
o Range calculanons for Lockheed C-SA, Ga]axy
. -_Range calculauons for Bocmg 737—2OOC

o 3.Rangc calculatlons for Boemg ’707-320C shect fo. 1

ange calculatlons for Bocmg 707—320C shect no 2 :

: Uons for Boemg 747F
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. Caléuiéfions no: 3 N

- ‘Wlth the_-:computer program no.1
‘ 'or CWOZTAB." : » o

B Cranﬁeld Umvers1ty, School of Engmeenng

" 'Course of studies: PhD Demgn, Structures and Systems
*ff'Student Andreas Mederer ‘
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. Caleulations: -

N Zero’ drag calculation forAxrbus A300B,sheet 6.1

‘-ngefo_rdrgg‘{calc‘u_latiqn forAlrbus ABOOB, sheet n'o'.'-Z R

-Zero drag calculatxon for MD DC—IO Srs 30 sheet no.v_l

| tZero drag calculatron for M D DC 10 Srs 30 sheet no 2

' {Zero drag calculatlon for Lockheed C-SA, Galaxy sheet no 1

:.: ":Zero drag calculatlon for Lockheed C-5A, Galaxy sheet no 2

: -»._Zero drag calcu]atron for Lockheed L 100—30 sheet no 1

"_.Zero drag calculat1on for Lockheed ,‘ 3

he World’s Arcraft 197172~




. Calculations no. 4

- wnth the computer program no. 6 »
L or KONFPRINZIA

- Cranfield UmverSIty, School of Engmeermg

" Course of studies: PhHD Desxgn, Stmctures and Systems
Student: Andreas Mederer S 2y
- Ref 952943 e R

 Date: 21.03:2002
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Ca]ClﬂatlonsA o e

- CalculatlonsB :

CalculaionsC 274




. Calulations A:

Zero p ayload

AFerry range calculatlons for Lockheed C-SA, Galaxy, Max T-O welght \mthout réservés - .

. erry range calculatlons for Boemg 737—200C Max T O welght, vnthout reserves
E Feny range calculatlons for Boemg 707—32OC Max T—O welght wﬁhout reserves '-
: F erry range calculatlons for Boelng 707-320C average crulsmg welght wnhout reserves ,

'Ferry range caIcuIatlons for Boemg 747F Max T—O welght wrthout reserves |

o '~Ferry range calculatlons for Lockheed L-101 1; -Max T-O welght wrthout reserves

'._';'.Feﬂ"y l‘aﬂge calculatlons for:Lo ax T—O welght WIthout reserves R

1, using the Alternative ¢




~ Calulations B:

. Zero payload
Ferry range calculatlons for Boemg 737-200C Max T—O welght W1th reserves -

' iFerry range calcu]atlons for Boemg ’747F Max T~O wexght, w1th reserves o
Ferry range calculatlons for Lockheed L—101 1, Max T-O welght wﬁh reserves .
> Feny range ealculatxons for Lockheed L—lOO Max T-0. welght, w1th reserves - | : N

_ ;Ferry range calcu}atlons for de Havﬂland Buifalo Max T-O welght mth reserves

.‘ _';01p1e 1, usmg the Basw engmes

nfiguration principle 1, using thAltmtvengmes |




 Calulations C:

| Max ﬁiel :

N "Ferry range calculatlons for Boemg 73 7—2000 payload, w1th reserves

_w,'.fFerry range calculairons for Boemg 707-320C payload calculated, wrth reserves | U

Ferry range calculatlons for Boemg 747F payload calculated, w1th reserves -

N VFerry range calculatlons for Lockheed L—lOll payload, Wlth reserves .

: for Lockheed L—lOO Zero payload :Wlth reserves R




~ Calculations no. 5

- with the computer program no. 7
. or KONFPRINZ1B. '

x 'Cranﬁeld Umversfty, School of Engmeenng IR
" Couise of studies: PhD Design, Structures and Systems* e
- ‘Student: Andreas Mederer -~ SRR
- Ref:952043 -
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. , Calcdlations:

Speed calculatlons for Lockheed C-SA, Galaxy -
. Speed calculations for Boemg 737-200C
o Speed calculatlons for Boemg 707—320C
JSpeed calculations for Boemg 747F

3 1Speed calculatxons for Lockheed L-1011 sheet 1no.. 1

2 _Speed calculatlons for Lockheed L—1011 sheet 10. 2 S

' '»‘Speed calculat10n5 for Lockheed L—lOO a

-» ,Speed calculatlonsforde_ awuantuﬁalo e e e




_ Calculations no. 6

' wrth the computer program no. 8
. ROLLSTRECKE

Cranﬁeld Umver31ty, School of Engmeenng R

. Course of studies: PhD Des1gn, Structures and Systems .
Student: Andreas Mederer el O

E Ref 952943 B




 Calculations:

.' : Conﬁguratlonprmmple lg.RbHstrécke

. Calculations for: TAKE-OFF
 Caloulations for: LANDING
 Configuration principle 2, Rollstrecke

 Caloulations for: LANDING




. ::'Czi,lculﬁﬁoﬁsino; 7 -

- Wlth the computer program no. 7 i
R or KONFPRINZIB o

cldUmve_rsxty, School of Engmcermg _ .
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. _Calculatlons for Coﬁmtlon prmcxple 1

: Calculatlons Rigax = f (GN) and er,g—- f (GN)

- H=7km" - o
'.Categonesa,bandc S

ijalculatlon no.. 5.
‘ ijalculanon no: -6

o = £ and Rews = F():




| V'C_(_)'n'nputﬁe_x“-‘l.’rifgvi‘amn_’i-Nr.'1' B

Programm—Kennblatt
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. Computer-Programm Nr.2 -

 CW02TAB2

; mversny, Co]lege of Aeronaut1cs .
1g: PhD Design, Structures and Systems
‘ : Andreas Mederer R
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| Compter-Programm Nr.3
CWO2TAB4

'-,‘,Cranﬁeld Umver_s1ty, College of Aeronautlcs S e
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Student Andreas Mederer o

Ref 952943 B

Datum: 04.09.2001

Seitenzahl: 6




" Computer-Programm Nr.4 .

Student An .easMg;der i

‘Unterschrift:




- Computer-Programm Nr.5




.CQl.n_:p“l’l._;téf-P'rdgrémm Nr. 6

: tmctures and SYStems
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D’esigg ations:

G

[Maximum take-off weight of the aircraft

F (m’) |

Reference-wing area of the aircraft

be (m) |

ng span

: A

_Wing aspect rat10

Iy (m)

iLength of the alrcraﬁ’s overall fuselage

IGE

Widih ofthe alrcraﬁ’s overall fuselage ', R




Lockheed C-5A, Galaxy:

Parameter: Ga = 330,21t

F = 576,0 m’

br = 67,88 m

AF = 8,0

kR = 70,29 m

br = (1,13+1,27)/2 - 6,668 = 8,0016 m
Dg = 2,54m

n = 330,2/200 = 1,651
3
Kea = V1,651 = 1,1819
GA/F = 330,2/576,0 = 0,57326 t/m*
(GaF)siar = 0.5 - 1,1819 = 0,59095 t/m*>  (+3,1 %)
bF,Skal,l = 55,39' 1,1819 = 65,4654m
e ska2 = 65,4654 -V 8,0/7.67 = 66,859 m (-1,5 %)
Ik skt = 57.5-1,1819 = 67,959 m (-3,3 %)

br skat = 7.0 - 1,1819 = 8,273m (+3,4 %)

Dg sk = 276N 2 - 1,1819 = 2,307 m (-9,2 %)

2 67



Boeing 747F:

Parameter: Ga = 351,54t (B,C,F)

F = 51,0

br = 59,64 m

Ar = 6,9607

k = 68,63 m |

br = (1,0 +1,05)/2 - 7,5005 = 7,6880 m
Dg = 2,428 m

n = 351,54/200 = 1,7577

Kska = ¥V 1,7577 = 1,2068

GAF = 351,54/511,0 = 0,68795 t/m’

(Ga/F)ska = 0.5 - 1,2068 = 0,6034 t/m*  (-12,3 %)

bE sl = 535,39 - 1,2068 = 66,8447 m

br sk 2 = 66,8447 - N 6,9607/7.67 = 63,679 m (+6,8 %)
I skal = 57.5-1,2068 = 69,391 m (+1,1 %)

b&Skal = 7.0-1,2068 = 8,448 m (+9,9 %)

2 68



Airbus A380F:

Parameter: Ga = 590t

F = 845 m?
br = 79,80 m
Ar = 7,5361

Ir = 73,0 m (overall)
br = (7,14 +8,47)/2 = 7,805 m
D = 3,486 m

n = 590/200 = 2,950

Kskal = 32,95 = 1,4341

GalF = 590/845 = 0,69822 t/m’

(Ga/F)siar = 0.5 - 1,4341 = 0,71705 t/m®  (+2,7 %)

b ska 1 = 55,39 - 1,4341 = 79,4348 m

br, sz = 79,4348 - ¥ 7,5361/7.67 | = 78,738 m (-1,3 %)
I sk = 57.5 - 1,4341 = 82,461 m (+13,0 %)

br skt = 7.0 - 1,4341 = 10,039 m (+28,6 %)

De skl = 2.76/N2 - 1,4341 = 2,799 m (-19,7 %)
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ECOLIFTER, 200 t payload version:

Parameter: Ga = 530t

F = 900 m’

br = 85,0m

Ar = 8,028

kR = 780m

br = (1,18 +1,57)/2 - 6,7621 = 9,298 m
De = 2,834 m

n = 530/200 = 2,65

Kga = V2,65 = 1,3838

I

GA/F = 530/900 = 0,58889 t/m’

0,6919 t/m* (+17,5 %)

(GA/F)ska = 0.5 - 1,3838
br sk 1 = 55.39 - 1,3838 = 76,649 m

b, ska2 = 76,649 - ' 8,028/7.67 = 78,417m (-7,7 %)
I sia = 57.5-1,3838 = 79,569 m (+2,0 %)

br sk = 7.0 - 1,3838 = 9,687m (+4,2 %)

D skt = 2.76/N2 - 1,3838 = 2,701 m (-4,7 %)
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F-02. Civil freight aircraft:

Parameter: Ga = 116,5t

F = 204,33 m’

br = 4741 m

Ar = 11,0

Ir = 41,0m (overall)
bR = 5,01’1’1

Deg = 1,699 m

= 116,5/200 = 0,5825
Kskal = 30’,‘582’5‘ = 0,8352
Ga/F = 116,5/204,33 = 0,57016 t/m’
(Ga/F)sct = 0.5-0,8352 = 0,4176 t/m* (-27,7 %)
b skl 1 = 55.39 - 0,8352 = 46,262 m (-0,2 %)
br stz = 46,262 -V 11,0/1.67 = 55402m (+16,9 %)
I skt = 57.5-0,8352 = 48,024 m (+17,1 %)
br skl = 7.0 -0,8352 = 5,846 m (+16,9 %)

DE ska = 2.76/N2 - 0,8352 = 1,630m (-4,1 %)
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Key

C[Vem®

: maxtake-0ﬁweight '

[We ®

' operatlonal welght empty (w1th crew)

e

Welght of payload

e “WFuel (t)

welght of fuel

'?'.'ff/V(Ibfkm)

consumptlon per kllometre

. R(km) (mt mlles)

range

SFC spec1ﬁc ﬁlel consumptlon .

.,.,:;thr;‘:lstrofthexcngmgs,l = -

- [@Quotienty

constant value

Study Work Phase 1
-13 -

27




oﬁginal V(})lkuh;'ek of fh‘e pay1§ad ;

maximum weight of the payload

:_speciﬁ'é graifify- of the payload .

helghtof the oﬁgiﬁal cubic c_ai‘gé compartment ; - »

height or width of the cargo compartment

l'ength of the cargo. co'mparti‘nent B

“|aspect ratio number of the cargo compartment .

. |weight ofthefuel

Study Wok Phase 2
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Key

[Weor ®

b’. welght of paonad

\?Vmax (t)

max take-off Welght

CLmax (")

max Ilft coefﬁcrent ofthe wmg

[ ao (1b/ﬁ2)

| dynamlc pressure W1th CLopt on the wmg

- F@ @

‘ wmg reference area '

CLmax P

'Clopt (’)

optnnum hﬁ coeﬂic1ent of the wmg

: qopt (lb/ﬁz)

'- dynamlc pressure w1th CLopt on the wmg

13 q (lb/ﬁz)

' dynamlc pressure durmg ﬂ]ght N —

i v (fc/s), (mt mﬂes/h)

B :ﬂrght speed

‘.‘1--,1N]Dg depthms; e“' : g —

[F®

T 'helght ofthe

K ‘volume of a cublcal cargo compartment cubrcle

Study Work Phase 3

T 27

_craﬁ’s overall cargo compartment ;V T




| Vo (9

vblume coeﬂicient dﬁe to hdﬁzohtal*stabiliser |

moment arm of the honzontal stablhser

depth of the wmg at the pomt of the ng area s centre of gravxty

[s@®

' 'reference areavof the honzontalx-stabﬂlser _

o (dégfeésj~ ‘

sweep angle of the w:mg m the centre of the wmg area ~

| Pst v(dégrees') '

' sweep angle of the wmg at the leadmg edge of the wmg

= qm (degrees)

| ] ;sWeep angle of the wmg' at the rear: edge of the wmg

- [ossr (degrees)s

he rear edge.‘ of the

7 f»ct,s(ﬁ)

: bs(ﬁ) —

N Vouosees O

{volime coefficieft due to nose horizontal stabiliser

- :Vo,mn'_cs.(-). A

" |volumé coefficient due to tail horizontal stabiliser

Indxces

'ICS control’ surfaces_ o

Study Work Phase 3

-32 -
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Wpay (t) . max welght of payload

Whax ) 'max take-off Welght

Study Work Phase 4 e

-30- 279



Key

B o Overallhﬁ éde‘fﬁcient )

1(dC/da)s Llﬁ mcrease of the wmg

| o (degrees) | Angle of attack of the wmg E

Coo _ ] i T Coeﬁiment'bf the hft-mdependent drag

1k . 1/7: As

cient cased by wing flap deflect

Study Work Phase 6
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(ColClmn | Reciprocal lift/drag ratio of the aircraft with 1o

[V :Reapml fift/drag ratio of the aircrafi with m‘mum-rate of descent. |

‘_ (CD/CL)Rum Recxprocal hﬂ/drag ratlo of the an’craft for maxmmm range

: :(CD/CL) | | - ,Charactenstlc value of the remprocal hﬁ/drag ratlo of the alrcraﬂ: B o

"(C ) : f TS Charactenstlc value of the reclprocal chmb factor of the alrcraﬁ

j (CDZICL) — , E Charactensuc value of the remprocal range factor of the alrcraﬁ

Rate of descent of the alrcraﬂ

SE) |Fightspeed

Study Work Phase 6
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D

Reciprocal lift/drag ratio

IEIOXGE

thht drag

L), @

Flight lift

q ()

| Dynamlc pressure durlng ﬂxght

[ SwpawlS

ng area portlon of the ﬂap zone" compared to the reference wmg
area

: | :Acim ﬂa’p g

deflection

- Aam (degrees)

Variation of the. ahgle of attack of the wmg pa;rt caused by mammum» o
 |wing ﬂap deflection : . ) = A

[ e

Mammum wing flap deﬂecuon :

Maxxmum overall hﬂ coefﬁment w1th mammum wmg

v Maxm:lum overall' ‘-hﬁr coeﬂielent' mthou’t-’in

E 'fﬂap eflection:

n-of the overa]l drag coeﬂic1ent-~,“' 0

= Sﬁia

ghdmg angle of the alrcraﬁ

> .Overallhﬁcoeﬁicwnt wf[hymm T _ ' T

vDeﬂe on'angle ofthewmg:ﬂap e

Study Work Phase 6

- 282

Vanatlon of the overall lift coefﬁcwnt caused by max1mum mng ﬂap. o Lo




[ o | Characteristic value of the smallest reciprocal Lift/drag ratio

 [(CCDmn | Characteristic value of the smallcst reciprocal climb factor

[(CoTCmn [Characteritic value of the smallest recipracal range factor

Remark:

" The symbols without dimensional information are without dimensions.

~ Study Work Phase 6 -
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KQX

] et-engine

Engine :

[PPE

Pl'Ope]ler plston engme

P

Propeller turbOJet engme

) Bypass turbOJet engme ‘

| T3

Tm'bo_]et en‘gm_e-“

TF '(lb');-(t)A -

[ Mass

| Acceleration.

‘ dV/dt (ft/s )

: ';Speed change/tlme; e

dm/dt (lb s/ﬁ)

rMasS chanl;e/tme. ‘_ 1 Saatva ST :

| t.(s),.__

v (ﬂ/s), G mlles/h)

s (lb--"‘s/.ﬁ):

my @b s/ﬂ:)

->m V(lb S) (t s)

.Impulse stroke, thrust blast —

Study Work Phase 7
. - -4- '
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F; (Ib); (t) Thrust generated by engine’s main airflow

F, (Ib); () Thrust generated by engine’s bypass airflow

m’y (Ib - s/ft) Air quantity of the engine’s main airflow per second
m’; (Ib - s/ft) Air quantity of the engine’s bypass airflow per second

Vi (#/s) = (A/A1) - V2

Speed difference of the main airflow of the engine

Speed difference of the bypass airflow of the engine

V, (ft/s) = V/k
k=V/V, Factor, by which V is greater than V,

p (Ib- s*/ftY)

Atmospheric density

A; (fH) Cross-sectional area of the engine’s overall airflow inlet
A; (ft) Cross-sectional area of the engine’s main airflow inlet
As (%) Cross-sectional area of the engine’s bypass airflow ﬁﬂet
Fgevery (I0); (1) Thrust required for horizontal flight

= Cp/CL Reciprocal lift/drag ratio of the aircraft

Cop Overall drag cdeﬂicient

CL Overall lift coefficient

W (1b); (t) Weight of aircraft

di (ft) Mean diameter of the ¢ngine’s overall airflow inlet

Vdy Ratio of the engine’s overall length/overall inlet diameter
Ax/Ay By-pass ratio of the engine

A/A; Main-pass ratio of the engine

Study Work Phase 7

-5- 285;
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[Fr®

' Thrust generated by engme S main alrﬁow

B0

: ,ﬁ lge...,-.;f

byengme S bypass*a]rﬂow

: ‘.‘aimrs-@ais-»s/ﬁ)'

;TA;rquantItyoftheengme sm&nalrﬂowpersecond

] mg(lb s/fc)

= Alr quannty of the engme S bypass an:ﬂow _per second

. vl‘(ﬁ/s) ' (A2/A1) vl'-} |
: -} Speed difference of the main airflow of the turbOJet basic englne ‘

f»ed dlﬂ‘erence of the mam a1rﬂow of the engme

Bz (fds) V/k

' Speed difference of the bypass alrﬂow ofthe engine

”k’wvz

.| Speed difference of the main airflow of the modified englne |
' Factor, by whlch V is greater than V2 : '

e (1b32/ﬁ4)

V‘ | Atmosphenc densﬂy

Smdy Work Phase ’1




1A (1/ di)Tu:bojet

= (VdI)furbojét = _(Vdi)Tuxbépmp

o (]/dI)Tlll'bOjet

| Ratio ofbveraﬂ':leﬁgﬂxf0veraﬂ-iiﬂet dié‘méter of ,tin*bojet engine

_» @Hﬂﬂﬁﬁw"

, Ratio of overall length/overall mlet dlameter of turbofan engme '

.(]/dI)TurbOPYOP

' Ratlo of overall length/overall dlameter of turboprop engme

‘(]/dI)Prop Plston—engme '

- :’Ratxo of overall length/overall dlameter of propeller plston engme

| ‘lTurboﬁm (ﬁ)

"Overall length of the turbofan engme |

W

0 ,._:Mean acceler t n

fongth of the engine -

ow mlet of the basm engme it

Study Work Phase 7

i S ber

i "ve"" fthe bas1c engme L



‘ A@(fé)]f —

;Cross-sectlonal area of the overall an'ﬂow mlet of the modlﬁed
|engime -~ - -

= -Mean dlameter of the overall aJrﬂow mlet of the modlﬁed engme |

.'A’i/A{ ‘~

_Mam—passvratlo '

. Az/A1

' “By—pass ratlo

- 'lTutbopmp (ﬂ)

I_.G)verall length of the turboprop engme T

EOverall length of thc propeller plston engme

Study Work Phase 7
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Symbols -

'_11

Vto

 ground run distamice for take-off
,vé‘ldcityat take-off

v ,ﬁiéa;i@ai:celeré{ioh during ground run to-take-off

" ‘mass'of the aeroplane at start

N Welghtof the aeroplane at start

acceleration die to gravity

Study Wbrk Phase 9
i _ 2 -

 mean accelerating force during ground run to take-off

2 89
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Designations

Cp

Total drag coeﬂiment

Cpo

Coefﬁc1ent of the drag mdependent of hﬁz _

1as

'Aspeet ratio of the wmg :

e

Total'h'ﬂ coeﬂicient

| with induced drag:

Correctlon factor for the wmg contour L

Wingspan width

Wing area

| Proﬁle degree of efﬁmency

. ,Taper of the trapezmdal wmg

. _Geometnc angle of inci 'ence of‘the wmg'.“ “ N

| . VAspect ratlo of the' ﬁ‘on‘_

o 'Llﬁ coefﬁ01ent of the ﬁont wmg

:S{(ﬂz)

Areaoftherearwmg e

‘.Area of the front wmg

- ‘0611 (arc)

fInduced angle of: mcldence
) 'of.the rear’ wing

2 a(ar) o

‘|Induced angle of mmdence -
¥ of the ﬁont wing

Study Work Phase 8
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Total drag coefficient for

| 8p1

| Cp,p1
configuration principle 1~ | A
Cpo, p1 Coefficient of the drag mdependent of It
for configuration prmc1ple 1 ‘
kp1 (1/ T AS)PI
Correct1on factof for the. wmg CGhtoui With '
N - |induced diag for. conﬁgura‘uon prmmple 1
opr (are)’ Geometric angle of incidence of the wing .
I D | for configuration principle’ 1~ .
| oo, p1 (arc) Geometric angle of incidence of the wmg
1 ' w1th Ag= o0 for conﬁguratlon pnnclple 1
Cotrection factor for the wing . contour

_ wﬁhmduced angle of incid éeg )
o for conﬁguratlonprmmpl 1 R o

Copz -

061)4 (51’ C)

- 'Oto P (arc) :

- Tps

B conﬁguraﬂdn prinmple 4

Study Work Phase 8

-4- 2 91
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| Co,ps.

Total drag coefﬁcwnt for conﬁguratlon
| principle 5

C]){),P5

- Coefficient of the drag mdependent of lift for
. |configuration prmc1p1e 5

: ',ki}s »

‘(I/Tt As)Ps .

V, ' 'Correcthn:factor for the wmg contour ’

U 'ed d" ; g for conﬁguratxon

) 0lPs(am) : .:'

| 00,75 (arc)

“es

|C0 fuselage, P1°

| Copofipr

| Cotetterence pr

) Srear elevator (ﬂ )

P CDOI

Cros sectlonal area

' Re51stance coeﬂi01ent in relat1on to max1mum

. ';""Cndlz‘

" IRes

X coeﬂiment in relatlon to the wmg

- larea -

Study ‘Work Phase 8
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X

(I/x - As)

: R’l’max (Stat mlles)

Range with maximum flying time

Rmax (stat mﬂes) ;

Maximum range

| Cift/drag ratio of thie aircraft

(CUCo)

- Llﬂ/drag ratlo_ oftl_le aircraft

v (ippﬁ). |

thht speed ]

| (CD/CL) .'

Remprocal hﬂ/drag ratlo of the alrcraﬂ;

. V/(CD/CL) (mph)" ‘-f

5 Quotlent for the range calculatlon .

"»«z/cn)

:.' Rangenumberofthealrcraft -

BT —

— iRemprocal hﬂ/drag ratlo for maximuny ﬂymg };= -

B 4 Fuselage body aspect rat10

. : CD_();-plate,.~ :

Coefficient of the drag of 2 a c1rcular plate

G which'is flown past L'to the plate level

1 Coo,sphiere

_Coefﬁment of the drag ofa sphere

| Coo,r0d-

.Coefﬁc1ent ofthe' drag of a rod

Wlth Ifuse]age 00 and dfuselage_) O

- Stu’dy Work Phase 8

It 2g

e fFactor ofthe hnes of‘greatest range : o

2 o "Coefﬁment of t_h ""drag mdepe __‘ent ofhﬁ of 1 RIS
'~ |the fuselage body, S I T

78



| Cpo, fuselage body, P1

pnn01ple 1

Coefficient of the drag mdependent of hﬁ of ' |
- | the fiiselage body for conﬁguratlon

CDO, engine gondola, P1 7

: 'the engine gondola for conﬁguratlon S
| principle 1° : o

Coefficient. of the drag mdependent of hﬂ: of -

E CD p;oﬁie

f (CL) proﬁle drag

| Co profite, pr

| configuration pnn(:lple 1

Med1um profile drag of the wing. for - >

b ‘(].éix'gipe gonadla/déﬁgiﬁegbﬁébla) ‘

Engine: gondola aspéct 1_'at19 L —

NG

'v:-_'b-Rudderumt e

-Rear elevator umt :. ,

» ‘_Fr(?ljl_t-jeleyator: um; -

 Study Work Phase 8

G 2w




Designations:

| RTmax, Ferry (Stat InﬂeS) — | ferry range, based on maxxmum ﬂrght tlme
kR, Ferry (Ib h/lb) B | - | factor of the range calculatlon for ferry range
| (V /(CD/CL))Tmax, Fe,,y (ﬁ/s) - — | quotient for the range calculatron, based on:
o _ maximum flight time for feny range o
’ -Rmax, Feny (stat mlles) - . maximum ferry range S |
(V /(CD/CL))Rmax, Feny (ft/s):i-':_ : - . quotrent for the range calculatlon, based on T
' R e | maximum range for ferry rangé - : SIS ST
» WFe,,y (lb), (t) o , aircraft welght flying Welght for ferry range. SN R

= Rmax, Ferry

'rnaximum~ferry rang'e-': mints 'the’fre‘s;erve

ﬁferry range based on maximum: 'ﬂlgh ime. 1
| minus thé reserves . .
| weight of the: payload in: the a1r aft
. |range - 5
e ltheoretlcal max1m i

e Wmax

,hﬁ coeﬂi01ent for Rmax

N o ;reduced ﬂymg welght '

‘maximum ferry range vsnthout/thh payloy d;-' E
| without reserves, as stated by the o
:manufacturer ' SRR B
| maximum’ ferry range: wfchout/wrth payload o

.| minus the reserves, as’ stated by the Y
manufacturer :

‘Study’ Work Phase 10a
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Deélgr_]atlons

- Rw average, me (stat miles) ' : maxrmum ferry range w1thout/mth payload :
: without reserves, based on average flying
y S jwelght o .
| Rwaverags; loss resérves, Ferry (Stat miles) maximumn’ ferry range w1thout/w1th payload _
1o : ereserves basedonaverageﬂymg '

en'y range Wlthout/wrth payload: e
1 reserves, based on average flying. | .-
, Awelght as stated by the manufacturer o

Rwaverage; lessreserv es,Ferry debit (Stat mﬂes) .

Study Work Phase 10a



Designations:

[ Rema (stat inﬂés) , | T fa;ige, baéed-»qn maximum flight time

- T (b -MB) ‘ factdr ofthe vrang’efcéleulation

' (V / (CD/ CL))Tmax (ﬂ'/S)i ) B | quotlent for the range calculatlon, based on
- e maXImumﬂlghttnne o
Rmax (stat mlles) , ' | maximum range :

- (V/(CD/CL))M (ﬁ/s)? — E— quotlent for the range calculatlon, based on
: e _| maximumrange e
R(stat nnles) o = Rax

’ ’Rmmw(statmﬂes)'. o

o jiAR (stat mﬂes)

Study ‘Work Phase 10a
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Designations:

|k

[(m-As)

FVovpt (ft/s); (mph) - |

optimum ﬂight‘spe‘é;d o

ng area '

DEngines

| : number of engmes generatmg thrust

V2 (f/s)

— !speed dlﬁ"erence (V 7= Vi) of the engme 2

|airflow with-a. grven throttle pi

:Vl‘ (s) -

| - sp;e dlﬁ_’e nce (V; VI) 6f the. engmé

A

W (ﬁ-/S)ff:: 'V

| An @)-

_An @

o twpuex (lb) (t);??? AR S SO

Study Work Phase 10a
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Designations: - -

Fevery (1b); (1)

' t'hrvus.tvof the engines for hor’iz’ontal ﬂlght

[F a0y @ (s

randoﬁl thrust of the engines :

[ 70

7 v ,Welght of the payload in the alrcraﬁ

- wE (lb) (t)

Eoperatlon empty Welght of the an‘craﬁ

- Max Wpay (t)

| maXJmum payload in the alrcrafc

h(®

:mmmmk

- i,d1y welght of an engme

o j By-pass ratlo

‘: = Au/An of an: englne ‘

L :‘Spemﬁc ﬁlel consumptlon (lbllb /hr) -

- jZIEngme (ﬁ),

la (ﬁ), (m)

Study Work Phase 10a
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" 'Designations:

reserves (ferry range)

maximum range w1thout payload without

. RFerry debrt (stat miles)

, 'jmaxmlum range without payload without
 |reserves, as stated by the manufacturer

Rlees reserves, deblt (stat mlICS)

mammum range ‘with maximum payload, .
| minus. the TESEIVeS; as stated by the
| manufacturer. - -

average ﬂylng Welght

- RWaverage(StatmﬂeS) o

max1mum range w1th maximum payload
Wlthout reserves, based on average ﬂymg '

Study Work Phase 10a
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- - Designations:

- ho.gmpggs (fé) -'

- :0'\.131;21.11 a'ircrbaﬁ»‘vol‘ﬁt:ne ofthe hdn—scaled airéraﬁ
- 'ho Aemplm (ﬁ) ' »Helght or ~width of the non-scaled overall alrcraﬁ’s initial cargo
. ;compartment e
i ;Wmax (t) M num take—oﬂ' welght of the non-scaled alrcraﬁ
Wipeo (U ﬁ3)

) VO Aeroplane scale (ﬂ )

‘Study Work Phase 11
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_ Desigi ations:

:v ) WE (t) | A ‘. jOperatiohal 'endpty'we‘ight éfihe non-scaled e{ircfaﬁ"

, WB, (t) | | . - :Operatlonal empty Welght of the scaled an*craft wﬁh scalmg 1

o Wi} take-off Welght of the scaled a1rcraft wﬂ:h scahng 1

- jOperatlonaI empty We1ght- fof the scaled alrcraft w1th scahng 2’_ |

e Wmax, 2 (t) _ ;MaXJmum take-oﬁ' welght of the scaled alrcraﬁ w1th scahng 2

Operatlonal empty welght of the scaled axrcraft w1th scalmg 3 _'

- ammum take-oﬂ' Welght of the scaled alrcraﬂ W1th scahng 3 B . : |

' Study Work Phase 11°

5. 302:
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: 'D:"ésigg nations:

| Cwo-change ofthe ﬁlselagebody due toextensmnor shortemngof the-

: A CDb;ﬁxSelag"e'body

Study Work Phase 11

et 303
28



'Designations

| Rmax (Stat' miles) |

range, based 6r1 mA ax. 1mum ﬂi’ght’ tlme |

i (lb h/lb)

factor fer -the ran'ge‘ ealeﬁlati’o"n- o

. (V/ (CD/ CL))rmax (ﬁ/s)

: ;ﬂlght time -

quotlent for the range calculatlon, based on maxnnum G

- F'Rmax (stat mﬁes)

‘ max1mum range

[ VI e @)

range’

vquotrent for the range calculatlon, based on maxnnum '

PR

payload]range - i

-r fempty__w"‘lght (1uotlent | . |

R

CDO T

‘. ﬂlghtaltltude M

Study Work Phase 12

kPl 04
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.- Designations

_‘ symbol 'for. short-range transport :

Ve (5 ®

| 'Werght of fuel in alrcraﬁ for short-range transport '

a) :

A _ .symbol for medlum—range transport

[ Weae 50

V welght of fuel m air aﬂ -for medmm—range transport

5

B -symbol for long—range transport

' ;. AW.FuoLc (lb); @ B

| ‘welght of ﬁlel in alrcraft for long-range transport

- .~ "-R (stat rmles)

:.-(w(cD/cL))m b (ﬂ/s)

~ Study Work Phase 12

e 305
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 Designations

@

c'rOss‘-sejcﬁOnal _aréa_ of iotal’ eii_gihe airflow iyilet

V@) -

ﬂlght VeIocny

| i (6)

'mammum thrust of one engme :

. "Fmax,ZEngmw (lb) . ]

| :maxnnum thrustoftwo engmes- '

T (C D/CL)opt

'rec1proca], optlmum ghde number of the alrcraﬁ o

- Rlessrwervm (statmﬂGS):

_ maxunum range W1th max1mum payload

E ::; ‘Rhold (stat mﬂes)

pmmab s/ﬁ4)

. Study Work Phase 12

S 306




) - ;‘ LISTOF SY MBOL S (A ddenda)

. i e used only mthePhDTheSIS
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 [Study Work Phase 1

[GolCL

reciprocal Tift/drag ratio

N Reae (k0005 (stat miles)

maximum range

Studv Work Phase 2

5 @)y (ﬁ)

"Width of 'the'ca'r'go compartment _' R

‘ Wspec aeroplane (t/m ), (t/ﬁs)“‘

) ”spe‘ciﬁc gravity of the aircraft

bs (m) : (ﬁ)

B _‘ .wmg span

e ,bamplm @ (ﬂ)

. ;If.,mge (m), (ﬂ)

, 'glength of the alrcraﬁ: s overall fuselage V

[ oad of the areral

'cross-sectlonal area of the engme s overall airflow

1nlet

| 1 1rec1proca1 hﬁ/drag rat10

[ss@n@®

: ;.moment arm of the honzontal stablhser

308

- w1dth of the an'craﬁ’s overall cargo compartmentiv':;‘ R




 [Study Work Phase 4

‘ . bacmplane: haeroplane> laeroplane, Wmax :

scale

see Study Work Phase 3

|l ok s

coeﬂiment of the alrcraﬁ s hﬁ-mdependent drag -

l/(n As) of the ancraﬁ '

1ift i mcrease of the--.alrcraﬁ’s~.nfing‘

b_vanatlon of the axrcraﬁ’s overall llﬁ coeﬂiment
- | caused by wing ﬂap deﬂect1on

; fvanatlon of the an'craﬁ’ :

erall dralg coefﬁc1ent‘*-'y'; -_ : -

.vopt (m/s) (ﬂ/s) " | fight speed wilh G on the wing

- ] :length of modlﬁed engme / length of basm engme

B ,(rti.);-'{ﬁ):"

'; length of modlﬁed engme

Ii:(qi);‘(f;tl -

' length of bas1c engme

309
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 [dufdn

mean dléhlétér of tﬁév OVefall'airﬂOW inlet
of the modified engine /

| méan diameter of the overéll airflow inlet

_,ofthe basic: engme L

| (Ar/Ar) e

-pass ratlo of the turbOJet engme

‘ (Al/ AI)Turboprop

—pass ratlo of the turboprop engme

) (Al/ AI)Pmp p:ston engine:

-pass ratlo of the prope]ler pxston engme

,'Al(m) (ﬂz)

o cross—sectlonal area of the engme S main: alrﬂow "
' |inlet - P :

o A2 (m ), (ﬂz)

lcro fsectlo 'al, 'ea of e engme s bypass an‘ﬂow L

E '_d, Tt (m) (ﬁ)

o fdum’-“”(m) @

laeroplane(m)

[Thcae (m>, (ﬁ)

_Studv Work Phase 9

1Cpo: :; -

| coeﬂiment of fhe mducedi_drag

310




ACpo, landing gear

~ | coefficient caused by landing gear outside

variation of the aircraﬁ’s'lifc-'independent dfag

ACDO, engine

» coefficient caused by the engme ’

variation of the aircraft’s- lift-independent drag

(wmmuw@ﬁxwﬁ

'maxnnum wmg load

V@

max1mum take-off we1gbt’ of the i_éircr_aft'

E Studv Work Phase 8

‘, : ACL, flap

v vanatlon of the overall hﬁ coeﬂiment caused by wmg
“|flap deﬂectlon ‘ :

| ACD;ﬂ;ip' -

L _wm ﬂap. deﬂectlon

'ana’uon of'the overall drag coeﬂie1ent caused by | 'j

© [@cydas

' ’e.ofthemng - , e

Ry 3§ﬁécfiéﬂ’,of.th?’:“"“!ﬁg'iﬂapsf4'," EEEEEITEOREEEEAET ¢ S

 [plp -y f

.|a

Cpo; engine gondola -

. ;hft-mdependent drag of the englne gondola

Coo, wing -

~ ,hﬁ-mdependent drag of the wmg

- ‘ACDO, lan'dibg"gea:' :

o .v Vanatlen of the alrcraﬁ’s hﬁ-md" :
' coefﬁment caused by la.ndmg gear out31de

311 o
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[ ®: 0

maxmlum take—oﬂ’ weight of the aircraft

Wrar (0 ().

payload Welght

h’.(k‘m)'

_ rﬂymg hlght

Tomax (h)

_mammum ﬂlght tlme

Studv Work Phase 10 und IOa

| R (km) (stat mlles)

‘max1mum range

.s'

reCIprocal hﬂ/drag ratlo of the alrcraﬁ

a Rpm(km),(statmﬂes) 1.5: _max1muw' ! range vsnthout payload WIthout reserves

- (wmax/S),, (t/m ~'¥f,_(t/ﬁ2)

_-the -scaled alrcraft

! (W/S)n (t/m N (t/ﬁz) —

Exs :'wmg I ad of the scaled alrcraﬁ

3 12  |

3



Studv Work Phase 12

= (1/ SFC) (kp h/kg), (Ibf hr/lb) . — ‘remprocal value of the spemﬁc ﬁlel consumptlon of
. |theergine - . -
Y ﬂl I tj speed / reclprocal ghde number of the alrcraft

v (m/s), (ft/s)




"APPENDIX C

CRANFIELD UNIVERSITY

A. MEDERER

THE DEVELOPMENT OF A DESIGN METHODOLOGY
FOR LARGE CARGO AIRCRAFT

SCHOOL OF ENGINEERING

PhD THESIS

314



- Methodlsches Entwerfen von Verkehrsﬂugzeugen
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Concerning study phase 1, page Tand2

| Fyl_yingft‘in_lvé'and rangé_:' a

SFC = Wi/ (F+T)
P = Waw (GO
SFC = Wrua/ (Waax - (Co/Cr) < T)

Wruei/ Waax = SFC - (Co/Cr) - T

T = Wesa/ (Waae SEC - (Go/C1)

T = (Wria/ Waswd) - (USFC) - (IACo/C)
Whnax - WE + Wy + Wruag |

' Wrad = Wae - Wi - Woay

WF_ud/Wmax =1- WE/W max = wl;ay/w max

T = (1 - We/Wnax - Woay/ W) - (1/SFC) - (1/(Co/Cr))
TRV
CR=T-V

R = (1~ Wi/ Winax - Wroy/ Wasae) - (1/SFC) - ((Co/Cr)) - V-

T : ( Al - (WE/W m;x)acmplane - (WPay/W mx);azroplaﬁc) : (1/ (SFC)@lme) . (1/ (CD/CL)aeroplzme) ) '

' R = ( 1- (WE/W x‘mx)aeropla#f: - (WPay/W max)acmplane) . (1/(SFC)aeroplanc) - (1/ (CD/CL)ac_roplane) -V

318
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o _. Concerning studv Dhas.'e;z'. nage ‘1 and2

Overall aefoplang: hold and cargo -Spé:ceﬁ.

he’ = 2-hy = 8- b
hy* = Bl = 1’ - ()
Vb= 1y

W=k

b’ = 1’ (1/k)

hi® = W1 = - (Vh) = B - (1K)

by = h- (/)" = h- (1K™

Ch= ho - KB = bo - (WD)

0" =
Wl = (o)’
Vb= (hohy’

- (hb/h)z _ ((I/h)l,B)z _ ((1 /1()1/3)2, e /k)z/a

I = ho »(uk)”é = hy - (L/W1)*)

h = 5 haeroplane

bp =2-h =10

C =10 (1(1/8)™) = 40 lacroplane

319,

©
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i te.: _Sfdd_v» phase 3, page 2

' ng and horizontal tail:

‘ rLaexjf;yplané = (P/ 2) ° mez : CLmax N Asaeroplane'r »

: ,Léeroplané = Wax
‘ wmax = (P/ 2) . \/mih2 : >VCLmax.' Saeroplane
S.Qeropl.ane : S )

(Wna/S)acoptase = (p/2) * Vi * CLamax

As.= b’ /S
bs = (As- S)?

k= lv/(1t-As)
As = 1/@-K)

Slgs/(S7e)

8= Ve (819 /Iss

Vo

b= S/ (Caten)2)

- Cp=2-Cpp = Cpo +k * Cropt’
k- Crop = Cpo A

Cropt = (Cpo/K)'?

320

(19)

(20)

@y

@)

24

(26)



re. studv phase 3, pég§_2_
o Fuselage and engine pod ’

hO = 2 'Al._lé_leroplane

' k = ha;%oplane/ 'ééropla_ne
laéroélane - hy - (lllk_)z'f.3 :
.Iﬁxselagenos‘e' =A L5 héerop]apeA

. lﬁnselagetail, =20- héemplan,e ‘

lﬁxselége nose 'ﬁns«_alt_lg'evtail = 1-5 ' héeroplane + 20 . héeroplane = 3.5 : haeroplane

lfuselage = laemplane +3.5- haemplane _

'lengin(e- = (l/ dl)e’nginc - dy, engipe

St = (1/4) - dy engine” " T -

dLengine = (4 ‘ SI/IC)I/Z

F

I

(Cp/CL) * W max

F =St p- Vo'

S p Vo = (Co/CL) Wonae

Si = (CD/CL) . Wmax/ (P ’ VF’P‘Z‘)

Laeroplane = _(P/ 2) K Vopt2 : 'CLop;. g S

Laeroplahe = Whax

W = 02) Vsl Ca S

Voo = 2+ Wanax / (p* Cropt - S)

391

(16)

)

@8)
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. restudv f)haée 6. page 1 and2 :

" Vanable aiifcréﬁ polar: |

CL = @Cy/do)s - as

 Aaggp = sinn/(b/l+ 0051 * Sap, S

a ACL,ﬂap = (dC]/d(l)s : Aaﬂap

ACL g = (dCr/da)s - sin W/(h/lp + c0S 1) * Stap, arca/S-

CL,ﬂap =(Cp + ACL,ﬂap

Cp = Cpo+k-C
ACp,fisp = 1,0 - (Vb)ap - Saap/S - | sinm |

Cp.tsp = Cpo+ ACp, sip + k * (Ci, f1ap - ACL, )’

Cp,ap = Cpo+ ACp, p + k- (CL + ACy, fap - ACy, fap)

 Cp,fap = Cpo+ ACp, pap+k - C1”

(CD/CL)mI

Cp/Cr, = 2 Cpo/(Coo/k)'”
Cp/Cr = (4~ Cpg’/Cpo - K)'?

'_CD/ CL = 2 (Cpo - k)l.p*

'.(CDZ /éLs)mm: |

Ch/Cy = 4+ Coul3 - CooR)1?
C§/CL = (16‘; CD;,Z/(;; - Cpo) - k)2
Co/CL = (4/3)"* - 2 (Cpo - )12
(CpX/CL)min : | '

- Cp/C = (4/3)- Cpo/(Cpo/(3 - k)2
Cp/CL = (16/9 - Cpo’/Cpo - 3 - K)!2

Cp/Cr = (4/3)"* -2 - (Cpo- )

322

(32)

69)

(34)
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 re.study phase 7. page3
Engme siZe;: ;

L __(AI/AI)Tutboﬂm = 0 to 1.0
' (Al/AI)Turbo_]et = 10

' Aa/dl)«r,,ﬂ,qet = o g

Udrop oo = 10

VYt = 2.1+ (VdDppisoncagie

(Vdp)rurbotan = (l/dI)Turboprop+ (AI/AI)Turbofan A(]/dI)Turbo_]et
(]/dI)Tmbofan = 2.1 - (/dp)prop piston engine + (AlfAl)Turbofan-f AWV/dy)Turbojet
Vdr)rurvojer = (Vdn)Turboprop + (A1/ADTurbojet * A(V/dD) Turbojet |

(I/dI)Tuxbo_)et =2.1- (]/dI)Propplstonengtne+ (AI/AI)TurbOJet A(I/dI)T\ll'bO_)et

- .(]/dI)Tuer)et = (]/dI)Turboprop + A(]/ dI)Turbo_]et

(VdI)TurbOJet = 2 1- (l/dI)Propplston engme+ A(]/dI)TurbOJet )

Foeve) = (Co/CL) - Wanax
Faeve) = Ar-p- "Vo;;tzv

Al P V;thz = (CD/ CL) * Winax

‘ ‘_ A= (CD/ Cu): Wmax] (p- V0pt2)

Ax ..= (1/4) . d12 * 7T

d = (4~ A"

1= (Vdp) - dp

393

(@4)
)

@)

" (42)
(1)
@0y

(46)

(49) |

(48)

47

(50)-



il
S e
A= AA
A AA _
 AdA - (Ar- A/(Ar + Ag)
AAY = (Ar= A (1 + AfAD)
' Al/AI».'_;_ _(AI4 Az)/Al /(1 "‘»Az/Al) .

AVAL = 11+ AA))

A = An>-2\1

A;“V =A-Vi+A-V,

A= Ay (ViV) + Ao (VIV)

A= A (Vi) + (Ar- A - (VaV)

AVAL = (VUV) + ((Ar- ArYAY - (V2/V)

A‘/,A‘ = (Vi/V) + (AvAD) - 1) - ‘(VzN)
AlAT= (V) (AAD - (V) - (V)
A - (ATAY - (VoY) = (VV) - (V)
(MM (1~ (Va¥) = (ViV) - (VaV)
 (AAY) = (V) - VIV - (VaV))
AAY = (1= (VA/VVIV) - (VoIV))
(Ail2s) = (1= (Va/VV(VAIV2) - 1) - (VoI V)
(AJAY = (Vo/V) - (V/V2) - DIViIV2) - 1) - (Vo V)

(Bl = ((VIV2) - DI(VIV2) - 1)

V/Vp_ =k
V1/V2 = A2/A1
CAVAL = (k- D(ASA; - 1) (52)

394
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o re. study phase 7, page3

* Engine outer dimension ratios : -

L= V2 a)
L :>FV22_/(Y2'" a)
du = (4~ Auln)"?

dp = (4 An/m)'”

\‘ B - V22 - a)/(VH(2 - 1)) |
Wl = (Vo - (asfan) - | BT
duldy = (4 An/)'/(4 - Aulr)™

 dufdn = (An/An)"” - 55
L= (V2N1)2 (a/a) - Iy |

dp = (Alz_/An)m‘ dn

| bldn = (VI (ar/a) - W(A/AD ' d)

Cbdn = AV AA) @) () GO

325



- re.study phase 9, page2
R Runway length
N FIw =fc'_o'n'st>a_n't, =02 reciprocai‘forvc'ekload ‘ (59
. b=Fm=F(Wg=FW-g | T (58)
Cr,10 = lift coefficient at take-off | |
L= Curop2: VoS
W = Curo"p/2+ Vo' - §
W/S = Crto" p/2- V1o’ wing load of the aircraft

Vo = (2/p) - (WIS) + (1/Cr10))"” | (60)

L = Vio¥(2 - b) | CUN
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tudv pﬁasé’ 8. pa,éc: 2 ) | |

matlon z'ér;d' drag and ;ihduééd~'drég::
ﬁgv_l.lvrét‘i_bnv‘l.)’rjincipie_l; ) - |

roI%lé,:Pl = 0006 | |

,‘g,fg,@;e,,;; #‘-,'6.25 - Cp ;;oﬁ,g,,ﬁ =0.0015

;v:vihg, r1 = Cp [.Jréﬁlé,'Pvl + Cp interference, b

‘yrﬁnxsbvlagbé, Pt = Cm,.wiﬁ;é,m

.A.Pl‘ = _CD(); ‘ﬁns;iage, pi + Cbo,ygiﬁg,.f; =2- Cpo, wing. F1

P1 ,=‘~ 2 (CDppﬁl;,Pi +Cliinteﬁérencc,l’1) |

n = 2 * Cp profile, P1 : (1+0.25) = 2-1.25 - Cp profite, P1

p1 = 25" Cmeﬁ]eipl = 2.5 ‘-0'..006 = (0.015

figuration principle 2:
1= 0~01‘5 |
) profile, PL = 0.004 proﬁlevroﬁghriess

S-= 05

sineteence,22 = ACD poste 1 * (AS/S) = 0.004-0.5 = 0.002

2 = Coo,m + ACh intrenceiz. = 0.015+0.002 = 0.017

figuration principle >4:f
»1 = 0.015

Pl = Z;CDO,‘wing,Pl
wing P1 - 0.5 - Cpo, p1

,p4 = Cpo,p1 + Cpo, wing, P1

P4 = CDO,PI + 0.5 N CDO,P] = CDO,PI ° (1 + 0.5) = 15" CDO’p]

pa = 1.5-0.015 = 0.0225

397

| (61)
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dy phase 8, page2
ation zero drag and induced drag: -

guration principle 5

ile, P1 ‘=' 0..0:06

evator/S = 0,3875_' , |

st = 025 - Co i1 = 0.0015

wetomor = Coptio +(1/2) * Cp istrence, 1) * (S e tevatorS) (66)
o cloator = (0.006+0.5 - 0.0015) - 03875 = 0.0026

s = Cpo,p1 - ACp rearcievator = 0.015 - 0:0026 = 0.0124 o (65)

(m- As) | - (6D
= Conri +kn - CL,lflzm‘ R | -
= Cia,pa = (1/2) : CL,ﬂ , |

= CLI;P4'+CL2,P4.‘ _ |

= CD6,P4 +ker ((1’_/2.);‘ CL, p) - kPl . ((172}" Crm)’.

= CDO,P4'*;2",kPi'(1/4)-"(:’-1"_1’,12 ..=' CDo,P4+(1/2) . kPlf’-CL,Plz'

= CL_,P;t | - _ o

= (172) < km S o ' o (68)

= CDo,p4+kf4'_'.CL,p42 N | ) , (73)

38



Te. '.st‘i‘.;dv Dhase 8. Dage_i o
 Fying performance:
L=Co(pR) V'S

W= Gt (pf2)- V2 s

€L = (€0l = Con

W = (Cosll)™? - (p/2) - V2 S

V2 = W)™ @) (11S) |

V= QWi Co D = Vise
= 2+ (Con ™ = e o

V = Q- Wip - $)"(Crof)™

Vie = 2 Wi(p - $)"(CosR)™ -2 (Coo - K)')
Vie = 2+ Wip - $)A(Cos)™ - 2 - (Cpo - k)™
Vie = 2 Whp - $)"((Coo/k) - (Cpo” - KN -2).

Vie = (2 «W/,(p(s_))""z/(z “(Coo’ - )" = (v/a)_r,,;ag'

Cr = (Coo/(3 - k)" = Co,max

W= ool K)? (o) VS |

V= Wi(Cou/(3 .-l'é))"-"z? - 19)

V= @2 Wi(p~ S(Crol3 k)" = Vima

e (413)" -2 (Cpo- %= o

V=@ Wi S)]’):‘_’?/(cm/(s--k))"“' |

Ve = (2 Wip- ) (Cool(3 ‘.1;))“"‘ (413" -2 (Coo )
Ve =@ Witp - S))*”/((Cno/(?) - (@/3)2 -2 - (Cpo - KH)™)

Vs = @ Wip- S)"H((Conl3 - K) + (Coo’ - k)™ - (413)' - 2)

Vie = (2 Wip - $))"*((413)"” - 2+ ((113) - (Cpo” * k)" = (V/&)rmax

329
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" re.study phase 8. b%t,qéfo .
o Flymg performance: -

R= a- ijwm wpay

o V(km/h)

kR = (1 - We/Wnax - Weay

| Remax = kR (V/s)rmx: 6
 Rom *
V()

= kn " (V/6)rmax - 3.6

o R@/RTmu =

[ Winax) * (I/SFC) (1/(CD/CL)) v

(V / S)Rmax/ (V/ 8)Tmax

Q- Wip-

©

max) (17 SFC)

9

an’

SNK(A/3)™ - 2+ ((113) - (Coo® - k)™

(v'/‘c,)R,,,a,,{/(V/é)Tnmx =

@ Wi

@ Wip-

SN2 - (Cod® - ™)

 (VIDramd (V) tme = —oeem
| @- Wip-

, (V/E)Rmar! (V/E)Tmax =
(V/e)m/w/e)@ =
vi(V/ﬁ)Rmax/(V/S)Tmax =

\ le)Rmax/(V/e)Tmax = (27/16)1/4

(V/E)Rmax = (27/1 6.)"“ * (V/&)Tmax

Rua/Rraax = (27/16)"

S))uz/((4/3)1/2 a /3)1/4 5 (C 3 k)m)

S))IIZ/(z (C 3 k)l/4)

1/((4/3)" - (113)")
1/((16/9)"’4 : (1/3)"“), ‘

/(1627 = (27/16)""

(80)
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. re.studyphase8.page3
o Flying performance:

Maximum flying time: -

Cp'= Cpo+ke - Ci>
Cp = 2 Cpo

Coo S
, V-ICD' = 2 kpy - Ci2

| Kpmax - C1* =2 ket - C1?

kTmax = 2 -kp

Maximum range :

c§ = Kpmax * C1”

| Cp = Cpo+kps - Ci2

CD, = (4/3) - Cpo

) (4/3) . Cm =._ Cpo +ker - G

k,Pi V'FC_I',z. = (4/3)~ Cpo - Cho = (13) - Cpo
| CD =4-kp-C | |

K G2 = 4K o2

| kRmax = 4 - Kkpy

3 3_15

(82)

)

)



_ re.study phase 8, page 3

- ZCrd drag for ﬁis_élage bbdy, ‘engine gondola and landing gear:

CDo = '1/(1~+34(Vd)j_ assumption -
1 ba- () = ‘_1/cm
a = (1/Cpo - 1)/(1)
_'Cﬁor =0.16; Vd-= 1 data for a sphere
a = _(1/0;»i§-1)/1. = 525
V=1 |
Cm = 1/(1 +5.25 1) = (.16 sphere
vd =0 |
Cpo = 1/(1+525-0) =1 circular plate
Vd=o
Cno = 1/(} +5.25 - ) :' 0 long rod
| Conmersty = U+ 0 () 6
'Cﬁq,em_-g;m;oh = U1 +a- Ud)agnogontotd) . - 86)
a =525 | | cu)
Aqu,lanémgggr = Cpo,p1 (89) |

CDO, P1, landing gear outside ' — CDO,PI' + A.CI_)O, landing gear - — 2 CDO, Pt = 0.03

Cpo, P4, landing gear outside = -Cpo, p4 + 2 * ACpo, tanding gear

ACpo, 74, tanding gear = 2 ACpo, landing gear

Cpo, P4, landing gear outside. = Cpo,p4 +2 - Cpg,p1 = 0.0225 +0.03 = 0.0525
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 ge.study phase 10 and 10a, page2
 Ranges with maximum payload: -

_WW

;(V/S)Rm - @ Wl (p s))m/((4/3)1/2 2 ((1/3) (Coo’- k))““);

(V/ s)Tmax = (2 Wmax/(p S))IIZ/(Z (C '3 k)1/4

= (1 VS/';;/Wmax WPay lmx) (IISFC) (1/(CD/CL))

' WFue]/Wmax = 1 - W5/Winax - Weay/Winax
Wruet Wiax = SFC - (Cp/Cy) T

& = (Cp/CL) |

'(WFuel/W mahotd =& * SFC - Thota

Ryoa = (WFuel/W max)hdld/ SFC - (V7 S)Rmax 3~6

Row = kn* (V/Ermas 3.6 = R

"Rl@,@w&s = R- AR Rbom—R Riola - AR

;RT.mx kR (V/e)rmax 3, 6=R- (16/27)”‘

Ronacesreanes = (R~ Rea) - (1627)" - AR

333

(95) -

©6)

oD

3

. (99)

©®

91)
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" re. study phase 10 and 10a, page2
| Ferry :r'anges.:- |
(Ve pery = (V/EdRmax .

' (V/ 8)Tmax, Feny (V/ €)Tmax

kR,Fen'y | = (1 WE/Wmax WPay me/W max)/ SFC

' }'WPayFerry =0

.kmg,,y a- WE/Wmax)/SFC

Wones = W

Treny = (1 - Wg/Winax ~ Way, Ferry/ Winax) * (1/SFC) - (1/(Cp/Cy))
(Wrae WinwJrery = 1 = W/ W - Wy, re/ W
(WFuel/Wmax)Feny = SFC - (Cp/Cr) - Teny

e = (ColCy) | | | |

(Wruet/ Winax)hota = g- SFC- Thola

- Rhoma .:T__ (WFuellfW max)hold/ SF C ¥ (V/ 8)Rmax, Ferry * 36

Rmm;,Feﬁy = kR,Fexry : (V/S)Rmax,Feny - 36 = RR@
Rless reserves, Ferry RFcn'y AR Rhold RFerry Rhold AR
‘Rmmkm“humy(wﬂmmmm 36—1hmy(mmnm

'RTmax, les; reserves, Ferry — (RFerry Rhold) (16/ 27)”4 .
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(104)

(105)

"~ (108)

(106) .,

(107)
(52)
(3a)

99)

100y -

(101) -

(102)

(103)



o, study phase 10 and 10a. page3.

e Zé.ro‘ dragfordlﬁ'erent alrcraﬁcategones
F=AIPV2 .‘ |

e
L= (‘Cm[k)"fz”-v(p/z) V2 .S
£=12- (Cm ,"k)l_/z
"'_AI p- V —Wmax £ | _
Acp V= (Gl (D) VP8 <2+ (Coo o
A= (Cl’)o/k)l/2 “(Cpo-k)'?-'8
A = (Cod)?-S = Cpo- S
Cpo = A/S | (109)
Al = Deagine” AL |
" Cpo = Dengine ™ ALw/S | DR (109
- N _ ‘ _
Cpo =34 3/‘3-." | L o | ,(l/ll-a')
A= D3 A _ |
CDO = nengme 3- - Ay, n/S ‘ . o r' | » . (1123)

= (V2/V) - AI,V2/V1 | | | - |

Coo = (Va/V1) - ArvailS e ~(1133)
Al = Denégiﬁé’(Vz/Vl) '_A;,vzm,n | | | |
- Cpo = Dengine * (V2/Vi) - Ay vaii, n/S : ) S (114a)
A = (Vz/V 1) (An/Ap) - Ap,vavi | o
Coo = (V2/ V1) - (An/Ar) 'Ali,val/S | : | .. (1152)
A1 = Dengine * (V2/V1) - (An/An) - Ap,vavi,n
Cpo = Nengine * (V2/V ;) - (An/Ar) "AIAZ,VZI;II,‘n/.Sv v | - »(116?1)
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©restdyphasellpaged
 Scaling the configurations:

Wmax/W spec = .VO, aero_piaixe
Vo sirosione = Do, serenanc
.Y 0, acroplane X0, aeroplane .

S W
h(_),acrép]ané = Whad W, spec

F o 13
hO, geroplgyie} = (Wmax/W spec)

(Wmax/W spec) n= VO, acroplane, scale

— . 3
VO, acroplane, scale hO, aeroplane, n

,hO, acroplane,n (Wmaxlw spec) n
) _ 313
hO, aeroplane,n — (Wmax/W spec), *n

Kgeale = 0

(Whax/ W, spec) * Dgeneral: = Vo, acroplane, scale, general
* Y0, aeroplane, _sml_e, general vho, aeroplane, general
L 3 . .
h(), acroplane, genral . (Wnax/W. spec) * Ngeneral
o o N - B V- 3
h(), acroplane, general — (Wmax/W spec) ° I.l_genergl ’

v - 173
kscale, general = Dgeneral

Keate = F(Wanai, seate) = £ (Winax - 1)

kscale, general — f(w max, scale) =. f(wmax * nécqqral)
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(121

(122)

(123)

(124)

(125)

12n

(128)
(129)
a3y

(132)



° re.studyphase 11 page3
© Scaling the configirations:

S = o Kb K

) S“:.z’ (c bS) -, ‘ks@ez = S- ksmlez

(ol = 1 WoudSa
s WadS)n = 1 WS * ke
(WarsndS)n = (Wanas/S) * (0/Keeaic”)
kSwleA = n'? "
(k) = W™ =
W m#(s,)n- - (Waw/S) 0 = (Waisx/S) * Kscae

C(WIS)a = (WIS)* Ko

’:.(wmaX/S)w}e = (Wina/S) * Dgencrat = (Wina/S) * Kicate g_;@_ |
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o ) re. studvphase .:12.'pagé 1,2and3"

o 'Ranges and ﬂymg helght

| R= - (1- Wi/ W - W;pay max) (I/SFC) (1/(CD/CL)) v

e, ='a S

o (1’»/(CD:/CL))’ V= Vie

| R = (l WE/Wmax WPay/Wmax) (1/SFC) - (V/e)

Rrase = (L- Wi/ W - Wi/ Wiw) (USFC) - (V/E)tans 36
R ax = (1 WE/Wmax WPay max) (1/SFC) (V/S)R,nax 36
Vs

V- 2 Wl ) |

V= £0) = @ WandPr- )™ = - Waad(p - S - (plpn)1?

(VI = £8) = (Ve (0l

| (Vedrawen = £0) = (VVe)rnse~ (0/p0)'”

; Zero. dr-ag and wav.e_dﬂrag.:._ |
- ACpo, wavedmg (M ’.-'-0-8)4‘ 40."Cno,ﬁﬂxoutwavednag
M = 0. 8 o
| ACDo wave drag = (0 8- 0 8) 40 Cpo, w1thoutwavedrag =0

- M ='1.‘_0 -

- ‘ACIA);O,_V"vave drag T (1-0 = 0‘8)40 * CDO,w'ithout\#ave drag = 8- CDO, wi(houtWave drgg’

CDO = CDO, without w#ye drag’ + ACDO, wave dﬁg ’
Cpo = Cpo, without wave drag + (M - 0.8) * 40 * Cpo, without wave drag

Cpo =" Cpo, witioutwave drag * (1 + (M - 0.8) - 40)
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(136)

(137)

s
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"F—AI p-V- (VJ vx)
Vs  '=, 2 VI
CF= AxpV(Z Vi- VI)_AIPVV |
'”"'-Em?%.léng,me - Ao v E R 0
i : .VJ_V:'3:"‘V1. | | -

f V1=V

F:=A1‘:.;.)-.V-(3-V1-VI) Airp-V:(2-V)
,Fm;;iengme = Ap-V2e2 = 2 * Finean, 1 engine
F=2App- V2= 4-Ap VP

" me"??ﬁé‘* = Foanzegos

 Fowoagie = 4 Fnom tegne = 4 Frean2engins - (145)

- ’:_Wave drag comi)énsated by maximum thrust
' :CDOI AI/S

‘,   sz =4 AIIS o

 ACpo = Con- CDox = 4-AvS- AI/S = 3-(AVS)
A..Cl?ﬂ,v_vxfhout mdmg A,/s

;.'Ac;go,ma@g =3- (AI/S) =3  Cpo, ithout wave drsg 46
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' restudyphase13,pageland2

e Rénge 'fact'ofs:
K = (1~ Wi/ W - W/ W SFC
W/ Wax = 0.5

: WPay ' max. = 025
kR = (1 05 025)/08 —-03125 Ibf - h/lb

wpay_/wmax = 0. 375

ke = (1 205 -0.375)/0_.8 = 0.15625 Ibf- Wlb-

WPay max 0 125

kg = (1-0. 5 0. 125)/08 = 0.46875 lbf blb

'WPay/Wmax = 0 -

ke = (1 0.5- 0)/08 = 0625 Ib - h/lb

" Ruwc/Ro = (27/16)”4

o= (27/16)"4 RTm 113975 RTM

Ruwgurr. = 113975 ;‘Rma,g MR,
Raax sr. = 113975 Rimax SRT. -
RuaLrr. = 113975 Rimos LrT.

Ruac et = 1.13975 - Ripax e,

340

Medium range transport

' Short'range transport

Long range transport

Ferry flight
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Andreas Mederer
llimensee, Germany
Ref.: 043009

Programme / Programs:
CWO2TAB KONFPRINZ1
CWO02TABZ  KONFPRINZ1A
CWO02TAB4  KONFPRINZ1B-
CWO02TAB5  ROLLSTRECKE
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Two photos ofa more exact Configuration 1
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