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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 aeroplanes.

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 transport aeroplane configurations are basic configurations and were 
scaled between 200 to 10001 .

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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Introduction
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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 6001.

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 aeroplane, e.g. passenger or transport planes, civil or 
military aircraft.

Aircraft firms such as Boeing and Lockheed in America, or BAG 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 aeroplanes.

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. aerodynamics, 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.
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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 10001 and with a load capacity of2501 could be 
produced, if the runways and landing strips could be adapted to the needs of these large 
planes.
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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 aeroplanes 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 aeroplane 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.
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1.3 1.4 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 aircraft.
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.
5. Perform a number of ease-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 fiirther 
work.

1.4 Agreed study constraints

1. Payload range between 50 —> 400 tonnes.
2. Cruise Mach nos. between 0.65 —> 0.85
3. Concentrate on 4 basic configurations, but quantitatively discuss a wider range.
4. Civil transport aircraft should consider JAR25 airworthiness requirements, whilst 

military should consider DEF-STAN 00-970.
5. Consider existing and future environmental requirements.
6. ’’Best Solutions” from objectives will include:-

• 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

1. Frequency of trips to Cranfield - twice per year. Possible short-courses.
2. 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

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 earned 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

Comelis 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, Parts I - VIII

14



2.1
Brief discussion of the references quoted in Appendix C:

Multi-disciplinarv 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
1 st 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

- Modified phases

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

- Concept phase, to scale 3D view

- Development phase

Construction documents, durability approval, production concept

- Modified milestones

- Technical specification

- Payload, mission profile, performance parameters, airworthiness category

- Technical concept

- Roll-out, maiden flight

- Iterative procédure jn_2_ stages

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 performances, geometry, 

loads/structure, aerodynamics, costs

- Linking of modules 

Database has central position
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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 aeroplane 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.
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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 plan 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
TASK ACTIVITY

STUDY
PHASE

L Determination of Possible Wing/Fuselage Arrangements x 3,4
(Schematic Diagrams) for Large Transport/Cargo Aeroplanes 

LI 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)
4.3 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
TASK

~5~

6 .

7.
7.1
7.2
7.3

8.

8.1
8.2

9.
9.1
9.2
9.3
9.4

10. 
10.1 
10.2

11.
11.1

11.2

11.3

12.

12.1
12.2
12.3
12.4

ACTIVITY

Differences in Performance and Particularities of these Engine 
Types
Speed, Flight Altitude

Possible Number of Engines Regarding the Basic Configuration
Types Examined
Failure Safety, Design Solutions

Wing and Stabiliser Design for the Basic Configuration Types 
Aerodynamic Aspects, Profiles, Flap Systems 
Constructive Considerations, Firmness 
Design Solutions

Fuselage and Cargo-Compartment Design for the Basic
Configuration Types
Arrangement and Size of the Cockpit
Location, Size and Accessibility of the Cargo Compartment

Landing Gear Design for the Basic Configuration Types
Single Wheel Configuration
Tandem Wheel Configuration
Comparative Considerations
Landing Gear Concepts

Design Concept and Layout of the Basic Configuration Types 
Individual Configurations
General Description of the Configurations with regard to their 
Advantages and Disadvantages

Scaling of the Basic Designs
Different Cargo-Compartment Sizes with Equal Flying Performance 
Data (equal mission profile; mission profile = flight altitude, distance, 
ascent, descent)
Different Mission Profile with Equal Freight Quantities (load is equal, 
cargo compartment is equal)
Dimensions of Cargo Compartment and Mission are Different 
Scaling: Determination of the Main Aircraft Data

(geometrical data, engine data, flying weight)

Determination of the Flying and Transport Function of Large
Cargo Aeroplanes, Various Categories
Determination of a Corresponding Mission Profile
Appropriate Take-Off and Landing Distances
Appropriate Cargo Load
Appropriate Individual Performance Aspects
(horizontal flight speed, rate of climb, ceiling)

STUDY
PHASE

x 7

x 3

x 3,

x 2,3

x 8

x 3,8

x 11

x 12
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Research plan

TABLE 3 TASKS 13 TO 18

WORK
TASK ACTIVITY

STUDY
PHASE

13. Which of the Scaled Basic Designs meets the Mission Values under 
12. best?

x 8,13

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

20



Research plan

Flow Chart

3 ,4

cargo compartment arrangements 3,4

four basic configurations types

engines, differences in performance

wings and control surfaces 
fuselage, cargo compartment 
landing gear

3 ,6
2,3for basic configuration types

scaling of the basic configurations

best basic aircraft

control systems

influence of the control system on the basic configurations

more

21



CHAPTER 4 

Development of the design methodology
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4.1

Development of draft methods» preliminary comments

Current draftjnetihod 

Advantages:
An almost unlimited number of concepts for transport aeroplanes can be shown, as 
these concepts were recorded or outlined only very roughly.

Disadvantages:
A concrete preliminary draû for a selected concept is obtained only after lengthy, 
detailed drawing studies.

The comparison of different concepts or preliminary drafts therefore involves great 
effort.

The weight calculation for a selected preliminary draft also requires great effort and 
requires a large, suitable computing program.

Calculations or comparisons of flight performances of different concepts are only 
possible after producing corresponding preliminary drafts and also require a large, 
suitable computing program.

Nemdrahmedrpd

Disadvantages:
Only a limited number of concepts for transport aeroplanes can be shown, as all drafts 
use the same draft basis, which has limits.

Advantages:
A concrete preliminaiy draft for an initial concept can be obtained after only brief 
computing and drawing studies, which can then be varied in accordance with the limited 
type and number of concepts.

The resulting preliriiinary drafts or configurations are already realistic and can be used 
for more detailed, more accurate configuration studies.

As a result of the basis of the draft, the weight calculation for a selected preliminary 
draft is easy.

Calculations or comparisons of flight performances of different concepts are directly 
possible on the basis of the preliminary drafts produced and are also useful, as they all 
use the same draft basis.

However, 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 spatial elements, which are aligned 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.

It 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 configurations 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 frying performance this means:
with the same total aeroplane hold, each configuration has a different frying 
performance or frying 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

Selection of the appropriate draft basis for the overall task

The following comments refer to the short versions 1 to 11 of the PhD thesis.

The original research plan is based on the current draft method.

Initial considerations demonstrated already that the development of comparable 
transport aeroplane concepts with the associated preliminary drafts with the current 
method take up a great deal of time and that it is therefore more advantageous to change 
the research plan slightly and work with the new method.

For this reason, two preliminary studies were carried out, which served to define a draft 
basis for the new draft method.

Study phase 1:

Draff basis* part a

Maximum weight of transport aeroplane and payload 
Approximate flight performances for this

Study phase 2:

Draft basis, part b

Size of transport aeroplane and payload 
Volume for this with the aid of specific weights

Dcvelppment_of tnmspprt aeroplme_con^cepts_usjng thejlraft basis

In study phases 3 and 4, the design of the concept or configuration for different 
aeroplane types is developed and described in detail.

Idow-chart_of the new draftjnethod

In study phase 5, the draft method is described with a flow-chart of the associated Work r 
phases.

The “influence diagram” shown on page 3 is of particular importance here, which shows 
the dependence of the aeroplane draft sizes on input parameters.

Application ixfthejnewjdraft method

To improve understanding of the method, a description of the application for concept 1 
or configuration 1 from study phase 3 is attached to this paper.

Based on this description, the draft method can also be understood and followed in 
detail.

25



4.1

Possibilities for the design basis

1. Weight of aeroplane and payload

This design basis is especially suitable for designing différent aeroplane 
configurations.

There are no special restrictions regarding the choice of propulsion.

2. Engine and propulsion category

This design basis is used when the aeroplane type is largely defined or when only one 
certain engine is possible.

The design engineer designs an aeroplane configuration around a defined propulsion
éa^ihg: , -

3. Wingspan and fuselage length

This design basis is used, for example, when the aeroplane to be designed must be . 
accommodated in a defined hangar.

Overland aeroplane transport may also be a decisive factor in selecting this design 
basis.

4. Take-off rolling distance and wing loading 

This design basis is used when the take-off and landing possibilities of defined

As studies have shown, the take-off and landing rolling distance also depend on the 
wing loading.

5. Flying height and flying speed

For a high flying height at a medium flying speed, a large wing surface is required.
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Section 1

Concerning study phase 1

Problem and solution:

The transport capacity of large passenger or transport aeroplanes primarily depends on 
the main weight shares on which the maximum take-off weight of each of these 
aeroplanes is based.

The following definition exists:

w max = We + Wpay + Wpuel . (1)

. If the main weight shares are related to the maximum take-off weiglit, the following

1 = W s/W _ + Wpay/Wmax + WM /Wmax . (2)

Equation (2) states that the sum of the 3 main weight ratios must be 1.

The weight ratio WFueiAVmax can now be expressed as a function of the specific fuel 
consumption:

Wpaei/Wmax = f(SFC) = SFC - (CD/CO ' T (3) f

If f  (SFC) is inserted in (2), a relation is produced which contains the flight time T.

= WE/Wmax + Wpa/Wmax + SFC (Cd/Cl) T (4)

If equation (4) is resolved according to T, then:

T ^ l - W ^ - W p ^ O . d / S F O - O W C O )  (5)

R/V can be inserted in (5) instead of T and an equation can be created for the range 
ofpassenger or transport aeroplanes: ' •

R -  ( 1 -  Wpa/W _ ) .d /S F C ) .d /(C n /C d ) .V  (6)

The formulae (5) and (6) state that transport aeroplanes of all weight classes have the 
same flight time and range if

a) the ratios WE/Wmax and WpayAVmax are the same for the aeroplanes

b) the reciprocal lift/drag ratio during flight is the same for the aeroplanes

c) the flight speed is the same for the aeroplanes

d) the specific fuel consumption of the engines of the aeroplanes is the same.
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Equation (6) describes the overall range spectrum of different transport aeroplanes.

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

T  — (  1 -  (W g A V m a x h e ro p lan e  ~ ( W p ay/W m ax)aeroplane )  * (  1 / S F C ) aer0piane • ( l / ( C i j /C L ) ) a e r o p la n e  ( 7 )  

R  =  (  1 -  ( W e A V max)aeroplane ~ ( W p ayA Vm ax)acroplane )  '  ( l / S F C ) a eropIane " ( V /( C ] ) / ( - D ) a c r o p la n e  C ^ )

The known range diagram of a selected aeroplane is obtained by making the weight 
ratio (Wpay/Wmax)aeropiane variable in the equations (7) and (8).

The flight time and rangé equations developed in this way only apply to 
SFC = constant and V = constant.

Results:

A range diagram was calculated for an example aeroplane with formula (8), 
see page .3.
For the fixed aeroplane variables in (8), the following data were assumed:

(WE/Wmax)aeroPianc= 0.5 (mean value for large aeroplanes)
SFC = 0.8 lb/(lbf • h) (mean value for turbo-jet engihes)
V = 600 kph = 166.67 m/s (flying height 7 km)
Ce/Cl = 0.05 (minimum value)
Wmax = 200t

The range of a transport aeroplane is maximum according to formula (8) when:

( W P a y /W m a x )a e r o p la n e  0

The range of a transport aeroplane is zero according to fbrinula (8) when:

(  W p / W m ax)àeroplane +  ( W p ay / W Inax)aefop lânè — 1

The flight time associated with different payload ratios can also be determined by 
dividing R by V.
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Section 2 j

Conceming 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 aeroplanes, it is seldom cubic in shape but is 
longer than it is high or wide and adapted to the aeroplane fuselage.

The shape of the fuselage of large transport aeroplanes depends both on the 
requirements of aerodynamics and on the size and quantity of the payload.

A mathematical relation can be drawn up for the conversion of a cubic to à non-cubic 
hold, which is more elongated than the cubic one but is less high or wide:

ho3 -  h2 . 1 -  h3. (l/li) -  h3 . (1/k) (9)

The relation (9) can be converted into four useful hold parameters:

h3/ho3 = k (10)

h/ho = k1/3 (11)

l3/ho3 -  1/k" ( 12 )

l/ho = l/k273 (13)

With (10), the volume h3 of a cubic hold element can be determined for a given hold 
elongation coefficient k if the total payload volume ho3 is known.

With (11), the height or width h of the cubic hold element can be determined for a 
given hold elongation coefficient k if the height ho of the overall cubic

With (12), the volume I3 of an overall cubic hold can be determined for a given hold 
elongation coefficient k if the total payload volume ho3 is known.

With (13), the height or width I of the overall cubic hold can be determined for a given 
hold elongation coefficient k if the height ho of the overall cubic hold is given.
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The height I of the max. overall cubic hold is equal to the length of the non-cubic, 
elongated hold.

The height, width and length of the hold adapted to the aeroplane fuselage is defined 
with the formulae:

h  = b  =  ho • kIZ3 = ho ■ (h /l) 1/3 (14)

I = h/k = h/(h/l) (15)

I = ho • (l/k26) = ho • (l/(h/l)2/3) (16)

The equations developed for the space of the actual payload in the aeroplane can also be 
applied to the space which a transport aeroplane occupies overall.
For this, an overall aeroplane volume ho, aeroplane3 is defined and an aeroplane fuselage 
height haeropiane as well as an aeroplane fuselage length (aeroplane (without nose and tail) 
assumed.

In addition to the formulae (9) to (16), the following then also applies:

h o ,  aeroplane — W m a x  /  spec, aeroplane ( 1 ^ )

With the specified maximum take-off weight Wmax and mean specific weight of the . : 
tfanspbrt aeroplane Wgpec, aeroplane, formula (17) gives the overall aeroplane volume and 
then the dimensions for the aeroplane fuselage corresponding to Wmax can be found with
& m W l a e W # ( W  :

Astilts:

The functions of kdescribed by (10), (11), (12) and (13) are shown on page 3.

: For â transport aeroplane concept^ the overall aeroplane hold and thé actual cafjgo space 
T yefedW M ohe^
This was based on the following data:

W m a x  = 200 t
Ŵspec, aeroplane 0.2 t/m
h o ;  aeroplane — 1 0 0 0  m

ho3 = (1/4) • ho, aeroplane3 = 250 m3
kaeroplane =  1 / 8

k=  1/2

With these data, the formulae (10) to (16) give the dimensions for overall aeroplane 
hold and cargo space shown on page 5.
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Section 2

h3 = min. freight volume
h03 = max. freight volume

I3 = max. overall volume of the freight

h = height and width of the freight

I = length of the freight

k = h/l = aspect ratio number (1/8)
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Schematic diagram 1
Transport aircraft

max
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Section 3

re. study phase 3 

Problem and solution:

Designs of aeroplanes with different configurations 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 design is 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 
designing aeroplanes, in particular large passenger or transport aeroplanes !

It begins with a configuration based on the calculations described in studies 1 and 2. 
These calculations show the designer, for example, the expected flying time and range as 
well as the aeroplane size or fuselage dimensions even before more exact studies are 
carried out.

As studies 1 and 2 do not contain any wing, tail or engine calculations, these are added 
as soon as the Size of the initial configuration has been defined.

Different configurations can now be developed by arranging the individual aeroplane 
parts (main aeroplane elements) of the initial configuration differently with relation to 
the fuselage and also to each other. It is also possible to increase the number of 
individual aeroplane parts in a design.

In this way, 5 familiar basic aeroplane configurations and 6 less familiar or unfamiliar 
aeroplane configurations can be developed With only one initial configuration.

The familiar basic aeroplane designs are:

- aeroplane with rear tail (1)
- aeroplane with front tail (2)
- aeroplane with front and rear tail (3)
- aeroplane with tandem arrangement of wings (4)
- aeroplane without the normal tail, wings only (5)

Study phase 3 only deals with the familiar basic aeroplane designs.
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Wing and horizontal tail calculation for transport aeroplane design (1):

S  =  W m ax/(W m ax/S)aeroplane ( 1 8 )

( W max /S )a er o p la n e  — (p/2) • Vmin • C L m a x  (1^)

b s  =  ( A s S ) ^  ( 2 0 )

A s  =  1 /  (tu • k )  (21 )

Xs = Cts/crs (22)

S s  = V o ' (S c ) / l s , s  (23)

bs = Ss/((cts + crs)/2) (24)

Xs = Cts/Crs (25)

Optimum lift coefficient of the wing:

Ctopt — (CDo/k)1/2 '(26)

Sweep of wing and horizontal tail: 

cps = measured to (0.5 • c)-line 

(ps, s -  measured to (0.5 • c)-lihe

Fuselage and engine pod calculation for transport aeroplane design (1):

Ifusélàgé ~ laeroplatiè F 3.5 * haeroplane (27)

lehgihe :=  (l/d l)E „gi„c ' d],engine ( 2 f i )

dl, engine = (4 • Sj/jt)10 (29)

;Si-(Cd/Cl) • Wmax/(p- Vopt2) (30)
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Results 1:

Assumptions for transport aeroplane design (1):

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

Wmax — 200 t
Vmin = 240 km/h = 66.67 m/s (at flying height 0 km)
Crmax 1 8 
k = 0.0415 
As — 0.4

V0 =1.44 
c = 7.25 m 
Is, s= 27 m 
Ag — 0.35 
Coo = 0.015 
(ps^l5?

:

With these data, the formulàe (18) to (26) produce the transport aeroplane configuration 
1 shown oh page 6 if the wing area is allocated to the overall aeroplane hold in such a 
way that the connection line of the centres of gravity of the outer wing surfaces halves
A shold:

In configuration 1 the horizontal tail area begins directly behind the overall aeroplane 
hold, which defines the horizontal tail lever arm.

The sweep of the horizontal tail slightly extends the lever arm compared with a tail 
without sweep.

The wing position depends on the centre of gravity of the aeroplane, which was 
designed in süch a way that it is on the connection line of the centres of gravity of the 
outer wing surfaces.

Assumptions for transport aeroplane designs (2), (3), (4) and (5):

The transport aircraft configurations 2, 3 and 5 shown on pages 7, 8 and 10 have the 
same wing arid horizontal tail surfaces (where applicable) as in configuration 1, but the 
surfaces are arranged differently to the overall aeroplane hold.
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The connection line of the centres of gravity of the outer wing surfaces is further back in 
configurations 2,3 and 5 than in configuration 1.

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

In configuration 2 the horizontal tail surface halves are attached to the side of the front 
fuselage of the transport aeroplane (front tail).

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 halves of four 
hold elements, which defines the horizontal tail lever arm here.

Configuration 3 is the same as configuration 2 apart from a second horizontal tail 
surface, which begins directly behind the overall aeroplane hold.

Configuration 5 does not show a horizontal tail surface. This is replaced by two vector 
jets, which are fitted to the engine pods.

In configurations 2, 3 and 5, the wing position is defined by the centre of gravity o f the 
aeroplane, which was assumed to lie on the connection line of the Centres of gravity of 
the outer wing surfaces, as in configuration 1.

The transport aeroplane configuration 4 shown on page 9 is characterised by two wing 
Surfaces of the same size on an overall aeroplane hold extended at the front.

Each wing surface is the same size as that in configuration 1.

The extension of the overall aeroplane hold is one hold element.

The position of the two wing surfaces in relation to the overall aeroplane hold 
corresponds to that of the wing and horizontal tail surface of configuration 2.

The two connection lines of the centres of gravity of the outer wing surfaces are four 
hold elements apart.

The centre of gravity is designed in the middle between the wing surfaces.
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Results 2:

Assumptions for transport aeroplane design (1):

For the overall aeroplane hold shown on page 5, section 2, the fuselage length and the 
engine pod size were defined based on the following data:

laeroplane 40 m
haerop lane 5  m

W m a x  =  2 0 0 t

V0pt = 600 km/h = 166.67 m/s (at flying height 7 km)
Cd/Cl -  0.05 (minimum value)
1/di = 2.9

With these data, the formulae (27) to (30) produce the fuselage length and the engine 
pod size of the transport aeroplane configuration 1 shown on page 6.

Assumptions for transport aeroplane designs (2), (3), (4) and (5):

The transport aeroplane configurations 2,3 and 5 shown on pages 7, 8 and 10 have the 
samè fùsèlage length and engine pod size as in configuration 1.

The transport aeroplane configuration 4 shown on page 9 has a fuselage length which is 
one hold element longer but the same engine pod size as in configurations 
j , 2 ; 3 # d 5 .

In transport aeroplane configurations 1, 2 and 3, the engine pods are situated directly in 
front of the connection line of the centres of gravity of the outer wing surfaces, but in 
configurations 4 and 5 directly behind.

The different arrangement is defined by the planned position of the centre of gravity in 
the individual configurations.

Thé positioning ofthe engine pods on the wing in spanwise direction is only ; :
provisional.
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Schematic Diagram 1
Transport Aircraft
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Schematic Diagram 2
Transport Aircraft

direction

cargo

43



Section 3

Schematic Diagram 3 
Transport Aircraft
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Schematic Diagram 4
Transport Aircraft
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Schematic Diagram 5
Transport Aircraft
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re. study phase 4 

Problem and solution:

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 (9)
- aeroplane with two wings of the same size in tandem arrangement 

and double fuselage (10)
- aeroplane with front tail and double fuselage, 

outer fuselages with larger diameter (11)

For the different aeroplane concepts mentioned here, aeroplane configurations can be 
produced by differently arranging the individual aeroplane components of the iiiitial 
configuration 1 from section 3 with relation to the aeroplane fuselage and also to each 
other.

If required by the design, the number of individual aeroplane components is increased 
or extended by new ones (additional aeroplane elements).

Wing and horizontal tail size of the transport aeroplane designs (6) to (11):

The surfaces for wing and horizontal tail calculated for transport aeroplane design (1)
: for transport aeroplane configuration 1 are used in aeroplane designs (6) to (11).

Fuselage and engine pod size for transport aeroplane designs (6) to (11):

The values for fuselage length and engine pod size calculated for transport aeroplane 
design (1) for transport aeroplane configuration 1 are used as initial data in aeroplane 
designs (6) to (11).

The values for the engine pod size are not altered compared with configuration 1,
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Results 1

Assumptions for the transport aeroplane designs (6), (7), (8), (9), (10) and (11):

The transport aeroplane configurations 6,7, 8, 9,10 and 11 shown on pages 5 to 10 
have the same size surface for wing and horizontal tail as configuration 1 in section 3, 
but the surfaces are sometimes arranged diffèrently to the overall aeroplane hold 
compared to the basic configurations.

Configuration 6 differs from configuration 4 in section 3 in that a second additional 
hold element which carries the third wing is inserted in the middle between the existing 
two wing surfaces of the tandem.

In configuration 6, the aeroplane centre of gravity should be on the connection line o f .
\ the outer wing surface centres of gravity of the middle wing.

The connection lines of the outer wing surfaces centres of gravity are 2 .5 hold elements 
apart in configuration 6.

Configuration 7 differs from configuration 4 in section 3 in that the main wing, which 
carries the engines, has a forward sweep, so that the wing ends are brought closer

In addition, the overall aeroplane hold between the two wing surfaces is reduced by one 
hold element compared with configuration 4, so that the distance of the connection lines 
of the outer wing surfaces centres of gravity is only 3 hold elements here.

The aeroplane centre of gravity in configuration 7 is in the middle between the two 
. V Wings.

In configuration 8 the wing and horizontal tail surface in relation to the overall
; aeroplane hold is arranged as in configuration 1 in section 3, but the hold is reduced by -

two hold elements at the rear.

The horizontal tail lever arm is the same as in configuration 1, so that the horizontal tail 
surface begins at the end of the fuselage here.

In configuration 8 the horizontal tail is carried by two conical outer fuselages, which 
begin directly behind the connection line of the outer wing surfaces centres of gravity.

In configuration 8, the aeroplane centre of gravity should lie on the connection line of 
the outer wing surfaces centres of gravity, as in configuration 1.

Configuration 9 does not differ from configuration 2 in section 3 with regard to the

The horizontal tail (front tail) is supported here by two narrow outer fuselages.
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which begin in front of the connection line of the outer wing surfaces centres of gravity.

In configuration 9 the aeroplane centre of gravity should lie on the connection line of 
the outer wing surfaces centres of gravity, as in configuration 2.

In configuration 10 there is no difference to configuration 4 in section 3 as regards the 
arrangement of the wing surfaces to the overall aeroplane hold.

The difference consists in two outer fuselages, which are arranged between the wings, 
and two additional engines on the front wing.

The outer fuselages begin on the front wing behind the connection line of the outer wing 
surfaces centres of gravity and end on the corresponding connection line of the rear

' .

In wing span direction, the outer fuselages are the same distance from the overall 
aeroplane hold as the engines.

: In configuration 10 the aeroplane centre of gravity is in the middle between the wing
surfaces, as in configuration 4.

In configuration 11 there is no difference to configuration 2 in section 3 as regards-the

from above.

The difference consists in two outer fuselages, which carry the horizontal tail (front tail), 
and which run forwards from the connection line of outer wing surfaces centres of 
gravity.

In wingspan direction, the outer fuselages are the same distance from the overall 
aeroplane hold as the engines.

Unlike configuration 2, the horizontal tail (front tail) is not divided and is situated above 
the overall aeroplane hold.

The aeroplane centre of gravity should lie on the connection line of the outer wing 
surfaces centres of gravity, as in configuration 2 in section 3.
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Results 2

The transport aeroplane configurations 7, 9 and 11 shown on pages 6, 8 and 10 have the 
same length of overall aeroplane hold and fuselage as configuration 1 in section 3.

The transport aeroplane configurations 6, 8 and 10 shown on pages 5, 7 and 9 have a 
different length of overall aeroplane hold and fuselage compared with configuration 1 in 
section 3, due to the configuration.

In configurations 6, 7, 8, 9,10 and 11, thé size of an engine pod is the same as that of 
configuration 1 in section 3.

Configurations 6 and 10 have two additional engines on the front wing due to the higher 
maximum aeroplane weight.

In configurations 6, 7, 9, 10 and 11 the engines begin on the rear wing or on the wing 
due to the centre of gravity behind the connection line of the outer wing surfaces centres 
of gravity.

The engines are only arranged normally in configuration 8 and are in front of the 
connection line as in configuration 1 in section 3.

In configurations 6 and 10, which each have four engines, the rear engines are arranged 
above the wing.

Results 3

For configurations 7,8, 9,10 and 11, in addition to the main aeroplane elements, the 
following additional aeroplane elements are used:

- wing tip elements for configuration 7

- outer fuselage carrier toward the front for configuration 11
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Schematic Diagram 6 
Transport Aircraft
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Section 4

Schematic Diagram 7
Transport Aircraft
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Schematic Diagram 8
Transport Aircraft
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Schematic Diagram 9
Transport Aircraft
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Schematic Diagram 10
Transport Aircraft
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Schematic Diagram 11
Transport Aircraft
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Aerodynamic centre, centre of gravity, downwash

Aerodynamic centre, centre o f gravity, downwash and interference 

Problem and solution:

fesjiion_of œntre ^  §nd_ejevatpr_umt Jo ad

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

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

The elevator unit fimction 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 gravity of the surfaces of the outer wing halves as 
seen from above.

In a flight with a large positive landing flap deflection, the aerodynamic centre of the 
outer wing halves also lies approximately 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.

Pi>Mtionj)f centre j^fg r^ ty . and_wmg load

Configuration 4 of study section 3 as well as configurations 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 o f the distance of the 
connecting lines of the surface centres of gravity of the outer wing halves is defined in 
the view from above.



Aerodynamic centre, centre of gravity, downwash

Configuration 6 of study section 4 represents a tandem transport aeroplane with three 
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 fiom above.

In a flight with a large positive landing flap deflection, the aerodynamic centre of all 
outer wing halves corresponds approximately to the defined centre of gravity positions 
in the tandem configurations.

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 landing 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.

Noie_ onJhe_centre pfj^ayity_po sitipn_si

The configurations shown in study sections 3 and 4 have a defined centre of gravity 
position such that a fiilly 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:

CL = 0.6
zss = 0 (high position of the elevator unit)

I f  the elevator unit is arranged at wing height, the downwash s = 2.7° is produced at the 
location of the elevator unit.

The associated induced angle of attack of the wing is m = 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

re. study phase 5 

Problem and solution:

In study phases 1 to 4, a new design method was presented with the aid of which 
configurations for large passenger and transport aircraft can be designed.

This design method also enables a large number of different configurations to be

The initial data (basic assumptions) of the individual configurations are designed so that 
they can be used again directly for more exact flying performance or flying 
characteristic calculations.

As the new method works with the definition of an overall aircraft volume, it is also 
possible to scale all initial configurations and examine any aircraft size.

to study phases 1 to 4, the following work blocks are required:

Block 1, with the formulae for calculation of the parameters for configuration 1 
(see summary of sections 1,2 and 3, solution)

Block 2, with input data for the formulae of block 1 
(see summary of sections 1, 2 and 3, results)

Block 3, with results from the formulae of block 1

Block 5, for performance calculation of the designed configurations

Block 6, for scaling the designed configurations

Block 7, for important results of the scaled configurations

It is useful to explain the new design method with a flow chart, see pages 3 to 7.



Section 5

Results:

A flow chart of the new design method is shown on pages 3 to 7.

The columns of the flow chart correspond to the seven work blocks described on 
. page 1.

1 : Mathematical equations 

2: Existing aircraft, input data 

3: New aircraft, result data 

4: New aircraft/configurations 

5: Differences compared to new basic aircraft 

6: Scaling of the various aircraft

The equations in block 1 depend on block 2 or on the associated input data.

The results of block 1 influence block 3.

The superordinate requirements influence block 2 and are in turn influenced by block 3.

Aircraft data such as maximum aircraft weight, cargo compartment size and specific 
gravity of the cargo

Flying performance data such as range, flying speed and flying altitude

Flying characteristic data such as accelerations in the direction of the longitudinal, 
lateralandverticalaxesoftheaircraft

Flying characteristic data such as angular accelerations around the longitudinal, lateral 
and vertical axes of the aircraft
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Section 6

re. study phase 6 

Problem and solution:

more
exactly, the so-called aircraft pdlars of the relevant aircraft are required.

It is 
configuration.

Fora
formulae can be used:

CD = CDo + k • CL2 (without flap deflection) (31)

CL = (dCL/da)s • a s

Cd, flap = CDO + ACd, flap + k • (CL, flap - ACL, flap)2 (with flap deflection)

Cl, flap ~ CL + ACL, flap ,

Formula (31) applies to a square polar which is symmetrical to the Cd axis.
Formula (33) applies to a square polar which is asymmetrical to the Cd axis or 
depending on the algebraic sign of ACL, flap is offset in CL direction by ACL, flap.

In formulae (31) to (34), the parameters CDo, k for a certain aircraft or a given aircraft 
configuration and the parameters ACL, flap and ACd, flap with wing flap deflection are 
constant.

If it is
defection for different aeroplanes or configurations, i.e. that it is variable, this is written

(36): /

:(d C iy d a )s  * ^ # 6  ; (3 7 )

ACr, flap — ACl, flap, aeroplane (38)

ACd, flap “  ACd, flap, aeroplane (39)
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Section 6

Results:

The square aircraft polar was calculated without and with wing flap deflection with the 
associated curves Cl = f  (as) and Cl, flap = f  (c*s) for configuration 1 from section 3, see 
pages 3 to 7.
This was based oh the following data:

k # M 4 1 5
(dCL/da)6-5d

A%fi:pf=0O22 ; A % fl^ -0 W 7 9
r| = -14° ; r| = +60° (maximuni flap deflection)

'mm

2. Point for the lowest aircraft sinking speed (Cr /̂CL îhm 
(also point for best climb)

3. Point for largest aircraft range (C n ^ m m

With these pblar points:

1. CL = (CDo/k)^; Co = 2 . Coo

2. CL = (3-C D0/k)1/2; Cd = 4 -C do

3- CL = (Cdo/(3 • k)),/2 ; CD = (4/3) • CD0

1. Cd/Cl =  2 - (CD„ -k )1"

2. Cd/Cl =  (4/3)1/2 • 2 • (Cdo • k)lc

3. Cd/Cl =  (4/3)V2 • 2 • (Cdo • k)1/2

With configuration 1, these reciprocal glide coefficients result in:

1. Cd/Cl = 0.05

2. Cd/Cl = 0.0577

3. Cd/Cl =0.0577



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 7

re. Study phase 7 

Problem and solution:

In order to create a foil design of a large passenger dr transport aircraft, the engine size 
and foe erigine type miust be known in addition to the dimensions for the fuselage, wings

For large transport aircraft, four engine types can be considered, namely:

1. Propeller piston engines (referred to here as PPE)

2. Turboprop jet engines (PTJ or turboprops)

3. Turbofan engines (TF or turbofans)

4. Turbojet engines (TJ or turbojets)

The individual engine types have different specific foel consumption, which increases 
from point 1 to point 4.

PPE engines 0.23kg/(PSh)

PTJ engines 0.25 kg/(PS • h,

TF engines 0.5 to 0.9 tg/<kp • h)

T J ^ T . ^ , , '

Schematic diagrams of these engine types are shown on pages 5 and 6.

r " ” — — r : _  ■

Empirical formulae can be developed with the aid of which the engine parameter l/d, 
can be calculated for the individual engine types.

If the engine diameter d, is known, the length of the engine can be determined via the 
engine parameter Vd,.



Section 7

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

a) Engine main flow ratio -  f  (engine outer dimension ratio), empirical diagram

b) Engine main flow ratio = f  (engiiie bypass ratio)

e) Engine main flow ratio = f  (engine speed ratio,
engine bypass ratio)

Conditions are given.

Diagram a) is produced by plotting relevant data of potential engines.

To produce diagrams b) and c), mathematical or physical formulae are developed.

For a given engine main flow ratio Ai/Ai, the associated engine outer dimension ratio 
can be read offin diagram a).

Fora
offin diagram b).

Diagram c) shows how the engine main flow ratio Aj/Ai depends on the engine speed

For the outer dimension comparison, a turbojet with an 1/di = 3 was assumed as the

til case 1.) of the outer dimension comparison, the thrust that one engine can generate is 
produced by two engines.

In cases,2. 
thrust.
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Formulae for diagram a)

Calculation of the ratio of length/diameter of the engine pods:

(l/di)Tmbofan = (l/di)ruiboprop + (Ai/Aj) • A(l/di)Tuibojet (40)

(l/di)xvirboprop — 1 * (Fd])pr0p piston engine (41)

(l/dl)prop piston engine = 1.0 (42)

= 0:8 (43)

(Ai/Ai)rurt,ofan = o to 1.0 (44)

(Ai/Ai)xurbojet = 10 (45)

(l/di)Tmbojet == (l/di)Tuiboprop + A(l/di)TuAojet (46)

di = (4 • Ai/7i)i/2

a, = (( v c I;)-wi:m/(p-v„Pr) ; - ;

Fflevel) = (Cd/CL) • Wn̂  (49)

1 = (1/di) • d, (50)
Formulae for diagrams b~> and cl 

b) Ai/Ai = 1/(1 + A2/Ai) (51)

W r  =  ( V ^ . ( ^  (5 4 )

du/du = (An/A,,)1" (55)

Ij./d|, = (V2/V1)2/(Ae/A]i)1/2 • (a,/a,) • (1,/d,,) : ' : (56)
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Results

calculated for engine types 1,2 3 and 4 with configuration 1 shown on page 6.
were

section 3.

( A i / A i ) T u i b o j e t  1 . 0  

(Ai/A]}rmbo&n = 0.143
(A i/A i)T u ib o p r o p  =  0  

( A i / À i ) p rop piston engine =  0

Gd/Gl = 0.05 (minimum value)

Vbpt ”  600 km/h =166.67 m/s (flying height 7 km)

(l/di)Tuibojét = 2.9 d; Turbojet- 2.8 m lTmbojet= 8.12 m

(l/di)frabofan —2.21 d̂ Tuitofan — 2.8 m Iruibofan = 6.2 m

(l/dl)Turboprop = 2.1 di,Tuit)oprop = 2-8 m iTmboprop = 5.88 m

(l/dl)prop piston engine 2.8 mly PiOp piston engine 'Prop piston engine

Hêfë:

(l/di)Tuiboprop -  (l/d)Tmb(•oprop

-top piston engine
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Section 7
Schem atic  d iagram 1 
Transport a ircraft

aeroplane naeroplane

fuselage

Wings
Horizontal stabiliser 
Engines 
Fuselage 
Overall cargo
Cargo
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Section 9

re. study phase 9

Problem and solution:

18 main
points, which are to be studied where possible.

The study points of the research plan are designed in such a way that in order to work 
on any one 
obtained.

It is
solve the overall problem.

Aims

1. Matrix of the configurations

2.

- better loading and unloading
- cargo size, civil and military
- specific weight of cargo

istics, such as
gear

Study results for the various 
Other important features 
- range, payload

Study results for the various 
arrangement
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... Section 9

Calculation of the runway length:

For point 5, a formula was developed which clearly shows how the runway length 
depends on the wing loading W/S:

Il -  V,0-/(2 X l>) : -  . : ( 5 ^  /

If Vto increases, h also increases, as the acceleration remains approximately the same 
even with larger aircraft masses.

b = F/m = F/(W/g) = # / W ) x g  ( #

F/W = constant « 0.2 (59)

VTO -  V (2/p )x(W /S)x(l/C ,Vro) (60)

Resuik

The diagram on page 3 shows the dependence (W/S)max = f  (Wmax) for large transport 
and passenger aircraft.

The wing loading for configuration 1, page 6 in section 3 of 0.5 t/m? was entered in the 
diagram.
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Section 8 j

re. study phase 8 

Problem and solution:

In study ptiases 3 and 4,11 configurations were shown for large transport aircraft that 
were developed with the aid of the new design method in accordance with study

In order to be able to compare the configurations with one another, comparative factors 
must be defined.

The following are suitable for this:

- maximum flying weight
- maximum payload
- aircraft polars
- flying performance
- take-off and landing distances

configuration drawing

For flying performance as well as
are required.

are given which can be adapted to a certain aircraft configuration

Adaptation is carried out by more
ACL, nap and ACD, flap for a configuration.

- h  «he , b « ,,„

For basic configurations 1,2,4 and 5, the polar constants can be estimated with good 
accuracy or determined with table calculation.
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Formulae for estimating CDo and k:

CdO/PI — 2 * (Cd profile, PI C d  interference. P i)  

C d O, P2 — C do$ pi +  A C d  interference, P2 

A C d  interference, P2 ' A C d  profile, PI "

C d O, P4 — (3/2) • C do, p i

3, P5 — CDo, PI -  A C d  rear elevator

for configuration 1 

for configuration 2

for configuration 4 

for configuration 5

(61)

(64)

(65)

ACd rear elevator ”" (Cd profile, PI (1/2) * Cd interference. P i) * (S rear elevator/S) (66)

kpi = kp2  -  kps = 1 / ( 7 1  As) for configurations 1,2 and 5 (67)

for configuration 4

ACLj flap  = (dCiyda)s * sinîl/(li/l2  + COSîl)- S f l a p , ^ e a / S  

ACD, hap = 1,0 v ( l / b ) f i a p  * Sflaj/S - 1 sin T||

CD,PI = 

C.M-2 =

CD,P4 =  

Cd ,P5 =

P 2 + k p 2 -

P4

I

1, 2,

Ci», pi + ACd, iinp, pi 1 kpi • ((.4.. nap - ACi.,i!3|,.pi)



Section 8

; R m i a x  =  k R  • ( V / s ) Tm ax * 3.6 range with maximum flying time (76)

R m a x  = kR - ( V /E ) R m a x  • 3.6 maximum range (77)

(V/e)ntmx -  (2 - W/(p • S))ia/(2 • (Qx.3 • k),M) (78)

(V/k)r,1ms “  (2 - W/(p - S)),/?/((4/3),/2 • 2 - ((1/3) • (C„:i3 • k))1AI) (79)

(V/c)Rmllx -  (27/16)'" - (VA:)r„„x (80)

Formulae for calculating Cd for maximum flying time and màximutti range for 
configurations 1,2 and 5:

CD = kxmax • CL2 maximum flying time (81)

kTmax = 2.kpi ; . #
Cd = kRmax • Cl2 maximum range (83)

kRmax = 4 . km : " ' S #

Fomiulae for calculating CD of the main aircrafl elements:

Cpo, ftsdage body = 1/(1 + a * (l/d)fuselage) (85)

ÇdO, engine gondola — 1/(1 *1" a ' (1/(l)engme gondolà)

CDO,wing = CD,prome ' (88)

Formulae for calculating àCd of the landing gear:

ACd, landing gear = Cdo.pi configurations 1,2 and 5 (89)

" ACD. iandinggear = 2 * C ^  P1 , configuration 4 (90)
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Section 8

Results:

The following data belong to configurations 1 ,2> 4 and 5 from section 3 for the 
maximum flying weight and the maximum payload:

Wmax -  2001 for configurations 1,2 and 5
W r a y - 5 0  t
Wmax -  2501 for configuration 4
Wpay ==62.51 : . - . %

These payload data refer to medium-fange transport, see section 1.

extension for the configurations 1, 2 ,4  and 5 from section 3

maximum range are entered on the individual aircraft polars.

Page 6 shows a comparative diagram for lines which result from connecting the flight 
points entered in the polar comparative diagram for the longest flying time or greatest

This diagram can be used to read off the Cl values for the longest flying time or the 
greatest range with larger Cd values than those belonging to configurations 1, 2 and 5.

For example, the corresponding CD values are larger when the landing gear is extended.

Page 7 shows a results table for flying performance for configurations 1, 2,4, and 5 
from section 3.

The range values given are obtained using the flying performance formulae described
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Section 10 and 10a

re. study phàses 10 and 10à

Problem atld solution:

In study phases 10 and 10a, it was to be proven that the range formulae fo r  tra n sp o rt 
aircraft given in study phase 8 are applicable. ■

Applicability can only be proven by recalculating thé ranges of constructed aircraft 
whose performances are well known.

For this reason, certain ranges of 10 transport aeroplanes already constructed or m use 
are calculated in study phases 10 and 10a.

The new range formulae described in study phase 8 are used for the calculations.

In order to calculate the ranges, the data of the main weight shares W , m x ,  W E ,  W Pay , the 
size

aeroplanes in distance flight must be known.

found in specialist literature.

The CD„ value must be either estimated or defined by spreadsheet analysis.

As spreadsheet analysis is very time-consuming, approximate formulae were developed 
in

The k-value can be defined exactly when the wing geometry (surface area, aspect ratio

Otherwise it can also be calculated with an approximate formula, which is given in 
study phase 3, but which should only be used for wings with a trapezoidal outline and

For large passenger and transport aircraft, fuel reserves are required which are sufficient 
to fly to an alternative airport and circle there for some time.

The range formulae from study phase 8, which do not contain range or flying time 
reserves, were amended in this respect.
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Section 10 and 10a

Ranges with maximum payload:

R g , ;  lia: , 3 . 6  =  R  ; . - y  /  ' ;  :

Rless reservs =  R -  AR -  Rhold

Rïmax = kR . (V/6>r„m - 3.6 -  R • (16/27)"' : '

RTmax, less reserves = ( R  -  R h„ld) • (16Û7)1/4 - A R  ' K 

( V /s W  = (2 - W raM/ ( p  • S ) ) 1/2/ ( ( 4 / 3 ) 1Z2 • 2 • ((1/3) -(Cdo3 - k))1M) 

(V/s)Tmax = (2 • w ml/(p . S))m/(2 ■ (Cm3 • k)1/4) 

kR = (1 - Wb/WW - W p .V W nla, ) / S F C  

Rhp,d =  ( W ^ / W ^ h C d / S F C . ( V / è W . 3 .6  

(W puel/W maOhold =  S S P C  • Thold

Ranges without payload or with maximum fuel amount and payload: 

ÏW,F=Hy = kR, Feny.(V/S)Rmm,Feny.3.6 = RFeny

Rless reserves, Feny =  Rpeny -  AR -  Rhold

RTmax, Fmy = kR,F6ny.(V/s)Tmax,Feny.3.6 = RFeny - (16/27)1/4

RTmax, less reserves, Peny =  (RFmy - RaCd) • (16/27)'/4 -  AR

(V/sW.Feny = (V/^Rmax

(V/!:)r,„av.P,ny = (V/è)Tmax 

kn, peny = (1 - WE/Wmilx)/SFC without payload

w„m, -  w   ̂ \

kR, peny -  0  - w,.;/wnm - W,.a>,pt.lliAVlnnx)/SPC with payload



Section 10 and 10a

Formulae for calculating Cm  values:

tiehgine * Ai/jS

3'A i/S

êngine ' 3 ’ Aj/S

nehgine; (V 2/V i) , * A i/S  

( V 2 / V 1 ) '  ( A i i / A % )  . A 1 2 / S

Coo -  Hengine * (V2/V 1) • (An/An)

Thrust generation by

n TJ engines

1 PTJ engine

n PTJ engines

1 TJ engine
with throttle setting

, saa.-.
n

Formula for calculating the k-value:

Explanations:

as type and number of engines.

To make this clear, it is possible to write:

C do ™ .C po, aeroplane categoiy i
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Section 10 and 10a
H

Results: : '; r 'V.

The ranges of 10 transport aeroplanes which were already constructed ôr in use were 
recalculated with maximum payload and without payload or the rangés with maximum 
fuel quantity and payload. f : - ' : -

The formulae given in study phases 10 and 10a were used for the calculation.

The calculations include a fuel reserve to reach an alternative airport and circling at the 
destination airport.

In order to make the calculations, the data tables shown on pages 5, 6 and 7 were

The table on page 5 contains the ranges, flying speeds and flying heights of the aircraft 
with maximum payload.

The table on page 6 contains the ranges, flying speeds and flying heights of the aircraft 
without payload or with maximum fuel amount and payload.

The table on page 7 contains descriptions and data of the engines of the individual 
aeroplanes.
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Section 10 and 10a 
List of the Abbreviations, including Explanations

long r. mil. transport 

medium r. transport 

long r. transport 

M.D.

Design p.l.

B.oper.w.

Oper.e.w.

Man.e.w. 

w. Aver.cr.sp.

R.f. 321 km 

+45 min er, 

çr. at 9,145 km 

no R.

R. FAR 121.645 

w. IVI = 0,82

at cf. pow.

R t. 370 km 

+60 min h. at 3,05 km 

w. M = 0,8 -

+45 min h.

High-sp.cr.

M.cr.sp.

M.I.sp.

long range military transport 

medium rangé transport 

long range transport 

MACDONNEL DOUGLAS 

Design payload 

Basic operating weight 

Operating empty weight 

Manufacturer’s  empty weight 

with Average cruising speed 

Reserves for 321 km 

+45 min cruise 

cruising at 9,145 km 

no Reserves 

Reseres FAR 121.645 

with M - 0,82 

Reserves for 45 min 

at cruise power 

Reserves for 370 km 

+60 min hold at 3*05 km 

with M = 0,8 

+45 min hold 

High-speed cruise 

Max cruising speed 

Max level speed



Section 10 and 10a
Table 1 of Results, range with maximum payload
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Section 10 and 10a
; Table 2 of Results, ferry range or range with maximum fuel

Maximum take-off weight without payload (data in the upper line) 
or payload and maximum fuel (data in the lower line) 
or maximum fuel without payload (data in the lower line)

Aircraft Type Range, minus the 
reserves, as stated by 
the manufacturer

Calculated 
range, if the 
reserves are

Calculated range 
R r e n y ,  minus the 
reserves

Difference,

Bless reserves. Ferry, debit [km]
fuUy burned 
up

mariuf
Rreii, |kml Rlessresê es. Ferrv Fkhll r%i

Lockheed C-5A 
Galaxy 13565 (Ferry range)

13138.78 13138.78 (nor.) -3 .1 ;

Boeing 737-200C 13897.09 12380.44 +348.3
3555 (max p i -3  pass.) 3536.85 -0.5

Boeing 707-320C
1 OQO/C Znn n 1

12779.56 12779.56 (nor.)
o5'7 *)izuoo (no p.l. stated) Tzüôo

Boeing 747F
OQQÂ: _ 1

13968.64
8 « f 46 o42’0 *)(no p.l. stated) 8985 o )

Lockheed M O U
7189 (18.145 tp.1.)

,,36X33

t
i sy

Lockheed I -100 8967 82 R184 47 +S7 9ivUiKnceu Lv iuu
5182 (zero p i ) 5182 0 **)sar 3490 (1.815 t p i )

3334,8 11

„;83 ,:,3

Airbus A300B 8817.79 7373.05 +89.1
3900 (no p i  stated) 3900 0 *)

MD. DC-.O, Srs 10
8283 (zero p i )

li

Çontgu,.!»» 833X04 7,34.17SriSSf” 9745.19 8333.31

alternative engine

Abbreviations: p.l. = payload, no r. = no reserves, pass. = passengers

*) payload: see calculations no. 4 

**) take-off weight: see calculations no. 4
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Section 10 and 10a

Results table page 102 
Justification/explanation

This table has 5 columns with the following contents:

Is1 column: 10 constructed transport aeroplanes
1 schematic transport aeroplane

2nd column: Range, maximum payload, maximum take-off weight,
if all reserves are still available, 
specified by manufacturer, for:
10 constructed transport aeroplanes 
1 schematic transport aeroplane

3rd column: Calculated range, maximum payload, maximum take-off weight,
if all reserves are used up, for:
10 constructed transport aeroplanes,
1 schematic transport aeroplane

4th column: Calculated range, maximum payload, maximum take-off weight,
if all reserves are still available, for:
10 constructed transport aeroplanes,
1 schematic transport aeroplane

5th column: Difference in ranges o f column 4 and column 2 in relation to the
ranges o f column 2 ( R le s s  reserves -  R le s s  reserves, debit) /  R je s s  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 R ic s s  reserves of the schematic aeroplane for range R ie s s  reserves, debit 

of the constructed, schematic aeroplane.

For three constructed transport aeroplanes (Lockheed L-100, de Havilland 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 determine 
which method produced the better results.
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Results table page 103 
justification/explanation

This table has 5 columns with the following contents:

1 * column: 10 constructed transport aeroplanes
1 schematic transport aeroplane

2nd column: 1.) Ferry range without payload, maximum take-off weight
2.) Range with maximum fuel and payload,
3.) Ferry range without payload, 
if all reserves are still available, 
specified by manufacturer, for:
10 constructed transport aeroplanes 
1 schematic transport aeroplane

3rd column: Calculated range 1.), 2.) or 3 ), if all reserves are used up, for:
10 constructed transport aeroplanes,
1 schematic transport aeroplane

4th column Calculated range 1.), 2.) or 3.), if all reserves are still available, for:
10 constructed transport aeroplanes,
1 schematic transport aeroplane

5th column: Difference in ranges of column 4 and column 2 in relation to the
ranges of column 2
(R jess reserves. Ferry ~ R less reserves. Ferry, debit) /  R less reserves. Ferry, 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, Feny of the schematic aeroplane for the range
Riess reserves. Ferry, debit Of the constructed, schematic aeroplane.

The ranges of column 2 may belong to L), 2.) or 3.) depending on the available 
specifications 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.) or 3.).
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Section 111

- ' re. Study phase 1 1 .

Problein and solution:

In study phase 2 it is shown that a cubic overall aeroplane volume can be defined for a 
large passenger or transport aeroplane, which can be divided into 8 individual cubic

Dividing the cubic overall aeroplane volume into 8 cubic volume elements is dividing 
into the smallest number of individual cubic elements.

If one lines the 8 cubic cléments up next to one another, this produces a hon-cubic 
overall aeroplane volume of the same size as the cubic one..

volume cube are to be multiplied by 2 .

^  - -  " * * “  cube" ,obe

theee elemenl, ,= then (overall uei.pl.ue volume

M .,^ ,,.,e ,.U .o p l» « ,.,m .,0 ,m u e p e e m e .e ^ m e .p W .e e ,m e  
maximum aemplmie weighl Wm.:

In study phase 11, this is referred to as the scaling factor function and written as follows:



Section 11

On the overall aeroplane cargo compartment, consisting of 8 individual cubic elements, 
wing surfaces are arranged on the side and horizontal stabiliser surfaces at the rear or on 
the side in accordance with the configurations 1,2,4 and 5 from phase 3, which must 
also be scaled when the overall aeroplane volume is sealed if the scaled configuration 
should be exactly the same as the unsealed configuration.

This corresponds to an enlargement of the wing or stabiliser span and of the wing or 
stabiliser depth by a factor of 21».

An overall wing scaled in this way together with the correspondingly scaled overall 
aeroplane cargo compartment produces a surface load of:

( W max/ S W  =  ( W m M / S ) . k sca,e  (120)

In addition to the scaling .of the overall aeroplane volume, which is referred to in study

Tire additional cargo cohrpartmeht element can be used for additional fuel or additional - 

The deducted cargo compartment elemènt can ensure a reduction in fuel or a reduction 

This scaling method is referred to in study phase 11 as scaling method 2 and produces

to scalmg method 1.

This produces two different groups of scaled, exactly similar configurations, the only 
difference being the length of the overall aeroplane cargo compartment.

This scaling method is referred to in study phase 11 as scaling method 3.

The 3 scaling methods briefly described here can be used for the basic configurations 1, 
2 ,4  and 5 from phase 3.
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Formulae for scaling: > :

Vo, aeroplane = ho, aeroplane3

Vo; aeroplane, scale = kaco^cn3 

ho, aeroplane, n = (Wmax/Wspec)1/3 • n1/3

not scaled

scaled n times

-  n.1/3

generally scaled

„ - l , 2 . 3 ; 4

Vo, aeroplane, scale, general — ho, aeroplane, general 

ho, aeroplane, gene., » (Wmax/Wspee)I/3 • "genera,"3

The scaling factor fonction:

kSea1e = ' f ( W _ Sea,e) = f ( W m^ n )  ' Scaled n  tifoes

kserne, genera, -  f  (Wm̂  scale) = Î Ç V ^  ■ n genera,) generally scaled

The scaling surface load fonction:

( W max/S ) s = a,e =  ( W n r a n / S ) . ^ . ^ ,

scaled n times 

generally scaled



Section 11

Results: ■; \

The scaling factor functions shown on pages 5 and 6 were calculated for the basic 
configurations 1,2,4 and 5 described in study phase 3.

These functions are required for scaling method 1 given on page 2.

The function shown on page 5 allows scaling of the configurations 1,2 and 5, 
whereas the function shown on page 6 only allows scaling of configuration 4.

In addition, the scaling factor functions shown on pages 7 and 8 were calculated for 
basic configuration 1 described in study phase 3.

These functions are required for scaling method 3 described on page 2.

The conversion produces different ordinate values.

Results according to scaling method 1 :

The basic configurations 1 2 and 5 were scaled to the maximum aeroplane weights 
Wmax = 4001, 6001 and 8001.

R,™t e ^ , d ù ï « ,^ m g „ « h „ d 2 :

W „  , . 7 5 ,  (overall -emplane « g .  compmn,»! w tt 7 element*

Wmax = 225 t (overall aeroplane cargo compartment with 8 elements).

Results according to scaling method 3:

Basic configuration 1 was scaled to the maximum aeroplane weights 
Wmax = 4501, 6751 and 9001 and 
Wmax = 3501,5251 and 7001.
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Section 1%^

re: study phase 12 ; :

Problem and solution:

detailed form, with the aid of which the following can be calculated

a speciGedüying height and

2.) the maximum range at a specified flying height.

Thé more detailed form of the two range equations is as follows:

I W  = (1 - W W _ .  WpayAVmax) • (1/SFC) - ( V / s W  • 3.6 (135)

R-  -  0  - - Wpay/Wm„ ) . (1/SFC). ( V / e W . 3.6 (136)

-

When calculating the payload/range diagrams, there are two further possibilities per

a) the aeroplane weight Wmax remains constant or

b) the aeroplane weight Wmax changes with reduction of the payload.

Case a) produces a longer range in relation to the payload, as a reduction of the payload 
is balanced out by foel weight.

Case b) produces a shorter range in relation to the payload, as a reduction in payload is 
not balanced out by fuel weight, and there is therefore a lower aeroplane weight Wm:ix 
in relation to the payload.
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Section l 2

The detailed form of the two equations is also suitable for calculating the ranges given 
in 1.) and 2.) in relation to the flying height.

The parameters (V/s) are no longer treated as constants but as functions of the flying

(V /s )Tmax,h =  f ( h )  =  (V/6)Tmax • (p /P h )10 (1 3 7 )

( V / e W , *  =  f  (h ) =  (V /eW  - (p /P h )1'2 (1 3 8 )

:::
“ d i S C S g e  S S  S ?  3 SPeCial Payl° ad/range diagrW n ^  a
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Section 12

Formulae for calculating the Cdq value with wave drag coefficient for transport 
aeroplanes:

Cdo = Cno.withouiwavedmg-(1 + (M-0.8) • 40) M = 0.8> LO' :  ̂ y /

ACD0> wave drag = (M-0.8) • 40 • Cuo, wilhou, wave drag '

Formulae for calculating enginè thrust for transport aeroplanes:

Fmean,, =„gh= = A, • p , V2 . mean thrust of one engine (144)

Fmax, i mgh= = 2 • Fma., i enghe maximum ttirust of one engine

Fmax, 2 engines = 4 • Fméan, 2 engines maximum thrust of 2 engines (145)

ACdo, wave drag = 3 • (A]/S) = 3 • Cm, without wave drag (146)
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Section 12
I

For basic configuration 1 shown in phase 3, page 6, two payload/range diagrams were 
produced.

Fig. 1 on page 5 shows the maximum ranges, whereas fig. 2 on page 6 shows die ranges 

In addition, two diagrams were produced for the relation between ranges and flying.

s = ?  
— — —
Take-off and landing distances as well as climb and descent are the same for all mission

For scaling of configuration 1, see section 11, it is useful to know how large the 
dimensions of the scaled cubic cargo compartment elements is.

Page 12 shows the following scaling cargo compartment element function: 
b = h = f(W max) (147)

1 2 2
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Section 13

re. study phase 13 

Problem and solution:

In study phases 3 and 4,11 transport aeroplane configurations were developed 
according to the new design method, of which the configurations 1,2,4 arid 5 are 
referred to as basic configurations in study phase 8.

To be able to compare transport aeroplane configurations, 5 comparative quantities were 
defined in study phase 8.

Of these quantities, the fly ing performance with regard to range in connection with the 
payload is of particular interest.

Study phase 8 shows a comparative table for configurations 1,2; 4 and 5, which 
contains all intermediate quantities necessary for calculating the ranges and their values 
as well as the main ranges R f m a k  and R m£tx and their values.

The ranges in the comparative table were detennined with the aid of the formulae (76) 
to (80) described in study phase 8 and a calculator.

Apart from in a comparative table, these rangés can also be displayed iti a  compaMive 
diagram.

The ranges R Tm ax and R max  can be calculated for different transport categories
(see study phase 12), but to see the ratios it is sufficient to only produce the diagram for
medium range transport and then enter the ferry ranges RTmax, Ferry and Rmax, Ferry-

R esu lts: ^

The range diagram on page 3 was created with the aid of the PC program 
KONFPRINZ1B, which uses the formulae (76) to (80), and is based on the following 
assumptions for the basic configurations:

Wmax^ Configuration 1,2 and 5
Wmax = 250t Configuration 4
Wjr/Wmax -  0.5 ■

. WÿayZWmax = 0.25 (for medium range transport)
SlfC -  0.8 lb/(lbf • h) 
kR- 0.3125 Ibf -li/lb

The ranges Rrmax and Rmax differ by the same constant factor with all configurations: 

Rmax = (27/16)1/4 • Rrmax = 1.13975 • Rnmx (148)

If one of the two ranges is known, the other can be stated immediately.



Section 13

The condition for this is that the quantity kR in the range formulae (76) and (77) has the 
same value for all configurations.

kR -  0.3125 Ibf * h/lb Medium range transport
kR = 0.15625 Ibf • h/lb Short range transport
kR = 0.46875 Ibf • h/lb Long range transport
kR, Ferry = 0.625 Ibf h/lb Ferry flight

M_e^jumr^e_iranspprt 

h = 7 km
Rmax = 4264 km ; M = 0.705 

. Rfmax = 3741km ; M = 0.536 . '

hzL llkm  ' ; ' ' .
Rmax = 5427 km ; M = 0.946 (cannot be flown because M becomes too large)
R T m a x  = 4761krn; M = 0.719

The following rules can also be derived from the formulae (76) to (80):

The percentage difference between R max  and R Tm ax is independent of the flying height!

The percentage difference between Rmax and Rxmax is independent of the transport 
category!

The percentage difference between R max  and R Tm ax also applies to the ferry flight!

Compared to configuration 1, configuration 5 has a significant advantage in terms of 

The difference is +14.6%.

Compared to configuration 1, configuration 4 has no notable advantage or disadvantage 

The difference is only—1.5 %.

Compared to configuration 1, configuration 2 has a considerable disadvantage in terms 
of range.
The difference is -8.9 %.
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CHAPTER 5

Validation of methodology
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Validation of methodology

Validation of methodology :

Study phase 5 shows a flowchart of the new design methodology.

This shows that the following can be calculated based on associated mathematical 
equations:

There are three ways of working with these equations:

1.) calculating results for a), b) and c) with appropriate input data and determining a 
new, theoretical aeroplane configuration;

2.) calculating the results for a), b) and c) belonging to a 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 expedient to start with a theoretical aeroplane configuration calculated 
in accordance with 1.) and then recalculate it with the aid of the known input data -  see 
Appendix A, File 2, document 45.

For point 3.) one has to depend on reliable information of the aeroplane manufacturer 
for take-off weight, dead weight, payload and fiiel reserves of the aeroplane and specific 
consumption of the engines.

The results of points 2.) and 3.) enable a statement to be made on the validation or 
quality of the design methodology.

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

These results were calculated using the theoretical basic configuration 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-lift

a) flight performances
b) aeroplane dimensions
c) engine dimensions

ratio -  see study phase 10.



Validation of methodology

Deviation of the aeroplane configuration calculated in accordance with point 2 1 from
the actual configuration 

Surface load: -12.3 % to +3.1%

Wingspan: -1.5 % to + 6.8 %

Fuselage length: -3.3 % to +(13.0 %)

Fuselage width: + 3.4 % to +(28.6 %)

Engine inlet diameter: -9 .2%  to - 3,0 %

The new design methodology is therefore suitable for point 2.), as great deviations, 
values in ( ), only result from special design features of the actual transport or passenger 
aeroplane.

Deviation of the range calculated in accordance with point 3.) from that specified by the 
aeroplane manufacturer

Fji^htj^onditipns
maximum take-off weight, maximum payload 

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

Flightj^^itipns
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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Discussion of results
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Discussion o f results

Discussion of results

Each section of study phases 1 to 13 describes the associated interim results.

To obtain an overall overview, it is expedient to summarise the main results again.

Study phases 1 to 4 describe in detail how the method works based on calculations and 
associated configuration designs.

The result of sections 1 and 2 is a design base with the aid of which the maximum 
weight and size of an initial configuration is formed to produce several different 
configurations:

maximum take-off weight 2001 
payload for medium-range transport 501 
aeroplane volume 1000 m3 
cargo volume 250 m3

This includes 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 configurations which are formed with the aid of 
an initial 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 gravity 
and weight.



Discussion o f results

As a result of the different wing and elevator unit arrangement on the overall hold, the 
individual configurations have different flying performances.

Results: configuration (1)
maximum range 4264 km 
flying speed M = 0.705 
flying height 7 km

Compared with configuration (1), the following range differences result for the other 
configurations:

configuration (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 configurations, which are also formed with the 
aid of the initial configuration (1):

aeroplane with three equal size wings in tandem arrangement (6) 
aeroplane with rhombus 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 elevator unit areas, configurations (8), (9), (10) 
and (11) have smaller outer fuselages to carry or support the elevator units.

Configuration (6) has 2 more hold elements than configuration (1) for reasons o f centre 
of gravity and weight.

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

Configuration (7) has wing-tip elements to reinforce the rhomboid wing arrangement. 

Configurations (6) and (10) have two additional engines on the front wing(s).

These are necessary because the maximum take-off weight is greater here.
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Discussion o f results

Study phases 6 and 7 describe aerodynamic correlations and the engines 
for large transport or passenger aeroplanes.

The result of study phase 6 is a variable aeroplane polar in general and adapted 
mathematical form.

The constants in the polar equations were adapted to configuration (1) and 
have the following values:

Coefficient of the zero resistance Cdo = 0.015

Factor of the induced resistance k = 0.0415

The adapted polar is a square polar which runs symmetrically to the x-axis without wing 
flap deflection, but is offset upwards or downwards in the direction of the y-axis with 
positive or negative wing flap deflection.

The polar symmetrical to the x-axis has three very important flight points:

1. Point for best gliding (Cn/COmm

2. Point for lowest descent (CD2/CL3)mm

3. Point for greatest range (CD2/CL)min

The following reciprocal variables for these polar points result for configuration (1):

1. Cd/Cl — 0.05

2. Cd/Cl = 0.0577

3. CD/CL = 0.0577

The reciprocal variables of 2. and 3. have the same value.

The adapted square polar includes the straight line lift coefficient as a function 
of the geometric angle of attack without and with maximum positive wing flap 
deflection.

For configuration (1):

Increase in lift o f the wing: (dCi/da)s = 5.0

Lift coefficient with maximum positive wing flap deflection of 60°: C L m ax = 2.04 

Geometric angle of attack at Cimax* a = 23.3°



Discussion o f results

The first result of study phase 7 is the answer to what engines or 
drives are suitable for large transport or passenger aeroplanes.

Suitable engines:

1. Propeller piston engine (PPE)

2. Propeller turbojet engines (PTJ or turboprops)

3. Twin-circuit turbofan engines (TF or turbofans)

4. Turbojet engines (TJ or turbojets)

Mean specific fuel consumption SFC:

PPE 0.23 kg/(HP * hr)

PTJ 0.25 kg/(HP -hr)

TF 0.7 kg/(kp • hr)

TJ 1.0 kg/(kp - hr)

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

Ratio of the external dimensions l/dp

PPE 1.0

PTJ 2.1 (bypass ratio > 10)

TF 2.21 (bypass ratio = 6)

TJ 2.9 (bypass ratio = 0)

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

Result for configuration (1):

TJ di = 2.8 m ; 1 = 8.12 m

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 o f results

Study phases 8,10 and 10a describe calculations and associated flying performances for 
the basic configurations and the 10 constructed transport or passenger aeroplanes.

The result of study phase 8 is fundamental ranges and associated flying speeds for the 
basic configurations 1 ,2 ,4  and 5.

The following ranges and speeds were calculated:

- range with maximum flying time Rrmax . 
speed with maximum flying time V-rmax

- maximum range Rmax
speed with maximum range VRmax

The results of the individual configurations and the associated interim results as well as 
the Cm- and k-data are given in the results table of study phase 8.

Range results for flying height 7 km:

Configuration 1 : Rrmax = 3750 km 
Rmax = 4274.05 km

Configuration 2: Rrmax, i and Rmax, i - 8.9 %

Configuration 4: R r m a x ,  i and R m a x ,  i -1 .9%

Configuration 5: R r m a x ,  i and R m a x ,  i + 15.3 %

Speed results for flying height 7 km:

Configuration 1: Vxmax = 166.33 m/s 
V R m a x  = 218.91 m/s

Configuration 2: Vxmax, i and VRmax, i -3 .1%

Configuration 4: Vxmax, i and VRmax, i -15.0%

Configuration 5: Vrmax, i and VRmax, i + 4.9 %

Index 1 means : from configuration 1
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Discussion o f results

The result of study phases 10 and 10a is fiindamental ranges and associated flying 
speeds for 10 constructed transport or passenger aeroplanes.

The following ranges and flying speeds were calculated:

- maximum range with maximum payload R max  

Speed V R m a x  with R m a x

- theoretical maximum range without payload Rmax, Ferty

- range with maximum foel and payload Rmax, Fuel

- range with maximum fiiel without payload Rperry

The resulting values for the individual constructed transport or passenger aeroplanes are 
given 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:

Rmax : - 10.5 % to + 12.5 %

Rmax,Feny : -3.1 % to + 89.1 %

R m a x , Fuel : ~ 0.5 % tO + 2.9 %

R p e n y  : " 3.1 % to 0 %

Maximum flying speed deviations:

V R m a x :  -11.7%  to +6.4%

Comments:

The great deviation in R m a x ,  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.

Lockheed L-100 / Airbus A300B 

Lockheed C-5À /  Airbus A300B 

Boeing 737-200C / Lockheed L-1011 

Lockheed C-5A / various aeroplanes

Airbus A300B / M.D. DC-10, Srs 10



Discussion o f results

In study phase 11, the scaling of the basic configurations is described and in study phase 
12, 2 basic versions of the payload/range diagrams of basic configuration 1 are 
described. -

The results of study phase 11 are:

1.) 2 scaling factor functions for scaling of the basic configurations 1, 2 ,4  and 5 
to any maximum take-off weight from 2001 to 10001

2.) 2 scaling factor functions for scaling of one lengthened and one shortened basic 
configuration 1 to any maximum take-off weight from 2251 to 9001
or 1751 to 7001 respectively

3.) 2 scaling wing load functions o f 1.) for scaling of the basic configurations 1,2, 4 
and 5 to any maximum take-off weight from 2001 to 1000 t

4.) 2 scaling wing load functions of 2.) for scaling of one lengthened and one 
shortened
basic configuration 1 to any maximum take-off weight from 225 t to 9001 
or 1751 to 7001 respectively

From the function of 1.), the following scaling factors are obtained k^ie:
Configurations 1, 2 and 5 Configuration 4
2 0 0 t:1 .0 2501: 1.0
4001: 1.26 5001: 1.26
6001: 1.44 7501: 1.44
8001: 1.59 10001 : 1.59

From the function of 2.), the following scaling factors are obtained kscaie:
Configuration 1 lengthened Configuration 1 shortened
225 t : 1.0 175 t :  1.0
4501: 1.26 3501: 1.26
6751 : 1.44 525 t : 1.44
9001: 1.59 7001: 1.59

From the function of 3.), the following scaling surface loads are obtained (W/S)^^: 
Configurations 1, 2 and 5 Configuration 4
2001 : 0.5 2501: 0.625
4001: 0.63 5001: 0.788
6001 : 0.72 7501: 0.900
8001: 0.795 10001 :0.994

From the function of 4.), the following scaling surface loads are obtained (W/S)scaie:
Configuration 1 lengthened Configuration 1 shortened
225 t :  0.563 175 t :  0.438
4501: 0.709 3501: 0.551
675 t : 0.810 525 t : 0.630
9001 : 0.894 7001 : 0.696
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Discussion o f results

One main result ofstudy phase 12 is 2 versions of the payload/range diagrams for basic 
configuration 1.

Flying height 7 km :
a) Wpay = f  ( R m a x  ) medium range transport
b) W p a y  = f  ( R m a x  ) short range transport
c) W p a y  = f ( R m a x )  long range transport

Flying height 7 km:
a) Wpay = f  ( R'fmax ) medium range transport
b) W p a y  = f  ( R f m a x  ) short range transport
c) Wpay = f (  Rrmax ) M g  range transport

The 2 versions of the payload/range diagrams also contain 2 versions of the 
flying height/range diagrams with the curves:

a) h = f  ( Rmax ) medium range transport
b) h = f  ( Rmax ) short range transport
c) h = f (  R m a x )  long range transport

a) h = f  ( Rxmax ) medium range transport
b) h = f  ( Rrmax ) short range transport
c) h = f  ( Rrmax ) long range transport

The associated flight Mach numbers are entered in these diagrams as horizontal dotted 
lines.

The flight Mach numbers are different in the individual diagram versions for Rmax and 
Rrmax-

The ranges given in the flying height/range diagrams at h = 7 km correspond to those o f 
the payload/range diagrams.

Another result of study phase 12 is the diagrams for zero resistance
as a function of the flight Mach number and the flying height/flight Mach number
diagram for the ranges Rmax and Rrmax-

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 =  13.2 km 
M = 0.875 for Rrmax

h=  10.0 M  
M = 0.875 for Rmax
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Discussion o f results

In study phase 13, particularly interesting results of study phase 8 are compared to show 
which of the basic configurations 1 ,2 ,4  and 5 is the best.

The result of study phase 13 is a range diagram for the basic configurations, in which 
the ranges Rrmax, Rmax and Rpdny.thcor. are entered.

This diagram only applies to the flying height of 7 km and allows a clear comparison 
o f the relevant ranges fôr the basic configurations 1 ,2 ,4  and 5.

The following range data arc entered in the diagram:

M edi^rm ^tram pprt:

Configuration 1 : Rrmax = 3740.75 km Rmax = 4263.53 km

Configuration 2: R r m a x  —  3408.16 km R m a x  —  3884.47 km

Configuration 3: Rimax= /  Rmax= /

Configuration 4: R T m a x  = 3685.11 km Rmax — 4200.12 km

Configuration 5: Rrmax — 4286.81 km Rmax — 4885.90 km

Feny flight:

Configuration 1 : R r m a x ,  F e n y ,  t h e o r .  = 7481.50 km

R m a x , Feny, theor. 8527.04 km

The range differences of configurations 2 ,4  and 5 compared with configuration 1 
are also given in per cent in the discussion of results of phases 1 and 2.

Configuration 5 has the biggest range Rmax of + 14.6 % compared with configuration 1.

The ranges Rrmax and Rmax differ for all configurations by a fixed 
factor of 1.13975 .

This also applies to the ranges R r m a x ,  Feny, theor. and R m a x , Feny, theor..

The ranges R r m a x  and R m a x  differ from the. ranges R r m a x ,  Feny, theor. and R m a x ,  Feny, theor. by a 
factor of 2, as the latter are flown with twice the amount of fuel.

In addition to configuration 1, this also applies to configurations 2, 4 and 5.
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Discussion o f 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 very 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-ofif weight ( W / S ) m ax = f  ( W m a x )  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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Application o f the design methodology

• T imits for the application

1. Aeroplane category
Transport aeroplane or passenger aeroplane 
civil or military

2. Aeroplane weights
Maximum take-off weight: 2001 to 8001 
Mean payload: 501 to 2001 
Mean specific weight of hold:
Transport aeroplane 0.2 t/m3 
Passenger aeroplane 0.25 i/m3

3. Aeroplane configurations, possible 
AeropIanes_with onejnam fusejage 
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, wing only (5)
Aeroplane with tandem arrangement of three wings of same size (6)

4. Flight performance for medium range transport, reference values 
Flying weight: 2001
Hymgjidght 7_km
Range: 3745 km to 4270 km
Mach operating speed: M - 0.54 to M = 0.71
Flyingjieight J_l_km
Range: 4765 km to 5430 km
Mach operating speed: M = 0.72 to M = 0.95

5. Take-off and landing runways for medium range transport, reference values 
Take-off or landing weight: 2001 to 8001
Air field_eleyat ip n_0 km
Take-off runway: 2180 m to 3470 m
Landing runway: 935 m to 1485 m

6. Approach speed on landing, reference value 
Landing weight: 2001
Vmin = 240 kph

7. Engines 
Turbojet engines 
Two-spool turbofan engines 
Turboprop engines 
Propeller piston engines
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Application o f the design methodology

Discussion of the limits of the method

The section “Limits for the application” lists limit and reference values for basic initial 
data and associated flight performance results which the user of the design method 
should observe.

In addition, six aeroplane configurations are named to which the method is tailored.

The flight performance values (range and mach operating speed) are only given fora 
flying weight o f2001 and one aeroplane configuration (aeroplane with rear elevator 
unit), but are also valid for the complete range of flying weights from 2001 to 8001, as 
all weight classes have the same flight performance values when certain conditions are 
fulfilled -  see study phase 1.

The flight performance values (range and mach operating speed) for other possible 
aeroplane configurations can be determined relatively easily with the aid of the results 
table in study phase 8 by multiplying the given flight performance values (for an 
aeroplane with a rear elevator unit) by the relevant factor.

In addition to the flight performance values, calculation results are given for take-off 
and landing runways, which are valid for the complete flying weight range from 2001 to 
8001 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 o f2001 for (2), (3) and (5) 
and 2501 for (4) in document 35.

The information given in the section “Limits for the application” are a result of the 
study phases 1 to 13.
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Application o f the design methodology

Appiicâtion of the design methodology

The following explanations refer to the abridged versions 1 to 11 of the PhD thesis.

For the application of the design methodology it is useful to write a separate section, 
which again contains an undivided flow chart of the methodology and which also lists 
the relevant work blocks 1 to 7 of the individual planning sections or phases (see study

The overview is improved if the content of the various work blocks is described not in 
the flow chart itself but on separate sheets (see pages 2 to 4).

Thé content of work blocks 1 and 2 is described on page 2.

In block 1, the parameters which are calculated one after the other are named and the 
corresponding formula numbers from study phases 1,2 and 3 also specified.

In block 2, all base data of study phases 1,2 and 3, the names and values are given 
again in the order required for the formulae of block 1.

The content of work blocks 3, 4 and 5 is described on page 3.

In block 3, the names and values of all result data of study phases 1,2 and 3 are given 
as they result in sequence based on the formulae block 1.

Block 5 shows how aerodynamic parameters and flight performance parameters can be 
determined for the various designs.

For calculation with a calculator, the relevant formula numbers from study phase 8 are

For calculation with a PC, the relevant program names from file 2 or on the CD-R are given,

/ Block 5 also shows aerodynamic parameters and flight performance parameters.

The content of work blocks 6 and 7 is described on page 4.

Block 6 is usèd when one or more of the configurations are to be scaled.
Different scaling methods are possible here.

For scaling* the relevant formula numbers from study phase 11 are specified.

These are aeroplane weights, flight performance parameters and flying characteristics.
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Application o f the design methodology

Block 1.

flight time (7) suimriary 1
raDgeCS)

height of cargo compartment and shmmary 2
width of cargo compartment (14) 
length of cargo compartment (15) to (16)

wing and summary 3
horizontal stabiliser layout (18) to (26)

length of fuselage (27) summary 3
engine pod layout (28) to (30)

Block 2. with input data for the formulae of block 1 :

(WEAVmax)aeropIane(-) 0.5

E T  s
■ W n 200

sumrhary l

W max (t)

h a e ro p la n e  ( “ )

W-,m
C ^ ( - )

200

I
200

r
0.0415
0.4

Summary 2

data 1 siünmafy 3

(degrees) 
9s, s  (degrees

lacrop ianc  ( t u )  

h a c ro p la h e  ( h i )

Vopt ( m /s )

Cn/CL(-)
Wi (-)

1:44
7.25

0.35
0.015
15
22

40
:

m
166.67
0.05
2.9

data 2 summary 3
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Application o f the design methodology

Block 3. with results from the fonnulae ofblock 1:

T (li) 6.25 (7) summary 1
R (km) 3750 v V # . -

IWpime (m) 5 (14) summary 2
b-mp!„„e(m) ■ ... 5 < \
laeroplane (m) 40 (15) to (16)

S (m2) 400 :■ ( 18) to (26)• summary 3
( Wmax/S laeroplane (t-W) 0.5 ^
bs(m) ' . ; 55.4 :

|  I

t w o  S 5
(ps (degrees) 15
9s, s (degrees) 22

trS ’ ”,2 s , .«

Block 4. to design the various configurations

Block 5

Calculation of CDo with the PC-programs: file 2, CD-R

=
CW02TAB4 . VX>
CW02TAB5

Calculation of ranges with the PC-programs:
KONFPR1NZ1 
KONFPRINZ1A 
KONFPRINZ1B, with velocities

Calculation of take-off and landing distance with thé PC-program: ROLLSTRECKÉ
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Application o f the design methodology

Block 6- for scaling t h é  designed cohfig iirM iQ ri.s:

Determination of scaling factors:
Formulae (125) and (129) or with 
Scaling factor functions (131) and (132)

Scaling method 1 with scaling factors

Scaling method 3 with scaling factors

Block 7.

2 tàhlés of results:

summary 11

summary 5



Application o f the design methodology

Example for aeroplane design (1). study phase 3

( W W m « ) a « o p I à . e = 0 . 5

SFC = 0.8 lb/(lbf • h)
V = 600 km/h (at flying height 7 km) 
Cd/Gl = 0.05
W m a x = 2 0 0 t

Results:

(7): T = ( l- (W E/Wmax);,eroplane
T = (1 - 0.5 - 0.25) ■ (1/0.

t e m p i ™  • ( l / ( C D / C L ))a= m p ,a „ =/pay/Wmax)aeroplane)
(l/0.05) = 6.25h

,G L ) )a e ro p Ia n e:roplane'aeroplane

Input data:
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Application o f the design methodology

Example for aeroplane design (1 \ study phase 3

Input data for results 1 :

Vmin = 66.67 m/s (at flying height 0 km)

'm m ,

” max' v v m
'  ^ L m a x

° - 1.8 = 500

summary 3

a2 = 0.5 t/m2

(24): bs= S s/((cte + crs)/2)

Cn, =  2  • b =  10 
cts = cre. ^  = 3.5m

1
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Application o f the design methodology

Input data for results 2:

' : summary 3 :
hjcroplane = 5 HI
W n m ^ 2 0 0 l  '

Vopt = 166.67 m/s (at flying height 7 km)
Co/CL = 0.05 
# 1  = 2 #  .

Results 2:

haerôplane

157



Civil Aircraft, Military Aircraft

Existing aircraft:
R e q u ire m e n ts

M a th e m a tic a l  e q u a tio n s N ew  a irc ra f t

Requirements •
N ew  a irc ra f t/c o

W eig h ts

Aerodynamic forces

P ro p u ls iv e  fo rces

S h a re s  o f  w e ig h t: 

. T a k e -o ff  w e ig h t  

W e ig h t  e m p ty  

P ay load  

W e ig h t o f  fu e l

Ind iv idual fo rc e s : * -  

Lift 

D rag

L ift/d ra g  r a t io

Flying performance:

4  : :
/  H ig h t a lt i tu d e

4 ^  A ircra ft s ize .

X  F u s e la g e  v o lu m e  

/  Payload space 
W in g  a re a  

S ta b ilise r  a re a

!

/
Individual forces: Â " - - - ^ . - . - . - . - - .^ - . - .^ ; : S i z e  o f drive:
T h ru st D iam ete r

Fuel c o n su m p tio n  L eng th  J
S p ec ific  fuel c o n su m p tio n

N ew  b a s ic  a ir c ra f t  - J*"

f  R e g u la r  a ir c ra f t  

A irc ra f t w ith  fr  

A irc ra f t w ith  f r

T an d em  a ir c ra f t  

F ly ing  w in g .

V R h o m b u s-w in g

Block 2 , w ith  in p u t  d a ta  fo r  th e  fo rm u la e  o f  b lo ck  1 

(se e  su m m a ry  o f  s e c t io n s  1, 2  a n d  3 , resu lts )
Block 3 , w ith  re s u lts  fro m  th e  fo rm u la e  o f  b lo ck  1 

(se e  su m m a ry  o f  s e c t io n s  1 , 2  a n d  3 , resu lts)

B lock 1, w ith  th e  fo rm u la e  fo r  c a lc u la t io n  o f  t h e  p a ra m e te rs  fo r  c o n fig u ra tio n  1 

(see  su m m a ry  o f  s e c t io n s  1,2 a n d  3 , so lu tio n )

B lock 4 , to  d esi
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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 2001 to 10001.

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:
1 : Mathematical equations
2: Existing aeroplanes, input data
3: New aeroplane, result data
4: New aeroplane, configurations
5: Differences compared with new basic aeroplane
6: Scaling of the different aeroplanes
7: Weight classes, requirements for performances/properties

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
R r m a x ,  R m a x  and R m a x ,  Ferry US Well as the associated flying speeds V T m ax and V R m a x  

for the flying height h = 7 km were calculated with the programs.

In addition, the payload/range diagrams of Rmax 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 discussion and outlook

Results table

PhD OBJECTIVES Number of study phase 
Number of document

Comments

1. Cover page x title of PhD Thesis

2. 10 ,10a
45, Validation Calculations

X

3. 2,3 - X

4. 4 X

5. 10 ,10a (x )

6. 12 : . . X

7. 11 - X;.. ' ' '" :

CONSTRAINTS

1. 11

2 12 ' -

3. '. 3 ,4  :

4. ' 10, 10a x FAR 121.645 used

7, 12 (X)

6. 8

• ■■■■■■■■■: 3 '

e . 3 X .

* 8
35, Calculations no. 6 ;

X

x = covered
(x) = partly covered
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Comments on achievement of the PhD objectives 

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

Objective 2:
This demands that the methodology developed is confirmed by comparisons with 
existing large transport aeroplanes. This is achieved in study phases 10 and 1 Oa by 
recalculating the ranges from transport aeroplanes already in use with the new range 
formula and in document 45 by the redesign of 3 existing and 2 projected transport 
aeroplanes with the developed design and scaling formulae.

Objective 3:
This demands that the methodology is computer-aided or works with computer 
programs, so that a large number of configurations can be studied. This condition is 
given with the aid of the design formulae of study phase 3 and use of a calculator as 
well as 8 PC programs.

Objective 4: ..
The methodology should also allow the development of unconventional configurations. 
This can be done in study phase 4 with the aid of the design formulae and results of 
study I)liase3.

Objective 5:
This demands that a number of cases be studied in order to produce a matrix of 
transport aeroplane requirements with regard to payload, range and flying speed.
The influence of civil and military operations is to be determined in this context.
This was achieved by the recalculation of ranges of 10 transport aeroplanes already in 
use in study phases 10 and 10a, for which data of the aeroplane manufacturers was 
necessary. This data is shown in tabular form.

Objective 6:
Here the results of 5 are to be checked in order to establish trends, by comparing 
configurations in special roles, so that the best solution for the fulfilment of the 
specified requirements can be found.
Corresponding studies were carried put in study phase 12.

Objective 7:
Here uncertainties are to be determined and discussed and recommendations for further 
studies are to be made.
Study phase 11 produced corresponding points, for example higher flying speed with 
scaling to very high maximum aeroplane weights.
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Restrictions 

Restriction 1:
The payload range should be from 501 to 4001.
The scaling studies of study phase 11 produce a useful range of 501 to 2001 for medium 
range transport.

Restriction 2:
The flight Mach number for cruise should be between 0.65 and 0.85.
With basic configuration 1 it is between 0.54 and 0.71 at a flying height of 7 km and 
between 0.72 and 0.875 at a flying height of 11 km -  see study phase 12.

Restriction 3:
In particular, 4 basic configurations should be examined but quantitatively also a larger 

. range.
This is dealt with in study phases 3 and 4.

Regulations JAR25 for civil transport aeroplanes and regulations DEF-STAN 00-970 for 
military transport aeroplanes should be taken into consideration. The manufacturers’ data 
in study phases 10 and 10a only refer to regulations FAR 121.645.

Existing and future environmental regulations should be studied. A statement on this is 
made in study phase 7 and study phase 12 deals with wave drag or the sound barrier.

Restriction 6:
The best solutions in the context of the objectives should include the 4 conditions 

Relevant information is given in study phase 8, drawing files 1 to 4 and in document 35.
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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 aeroplane configurations 
can be developed so that 5 basic configurations are produced

c) 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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Conclusion and recommendations

Conclusions and recommendations 

What results does this study produce?

The summaries of study reports 1 to 13 including appendix show a large number of 
individual results, which in particular serve the purpose of developing a useful design 
method that can be used without a large amount of drawings and mathematical aids.

The individual results are made up o f

- configuration drawings of different types
- result diagrams of flying performance and aerodynamics
- result tables of flying performance and aerodynamics
- result diagrams of engine type and engine size
- tables of aeroplane type and flying performance
- tables of aeroplane type, engine type and engine size
- result formulae of different types
- computer programs (small) for aeroplane resistances
- computer programs (small) for flying performances

In addition to already qualitatively known individual results, there is a large number of 
completely new results or findings, which are described in words in the overview report 
o ffilesland2 .

Where can the new design method be used?

If the method is new to the user, the summaries of study reports 1 to 13 should be 
available where possible.

The method can be used wherever the necessary know-how is available, i.e. in particular 
in an aeroplane design ofiBce.

How can the new design method be used?

If the summaries of study reports 1 to 13 are available, the following possibilities exist:

a) working without calculations and Using the configurations given in the summaries 
directly, or

b) working with calculations and slightly modifying the configurations given in the 
summaries, or

c) working with calculations and creating completely new configurations.

The design method described is suitable as a basis for systematic configuration studies 
for large transport aeroplanes, as its validity was confirmed by comparative 
calculations.
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What study phases are still to be completed so that the overall task is fulfilled?

The PhD objectives are essentially covered by study phases 1 to 12.

However, the original research plan has 18 study phases, so that 4 studies are still to be

compared to the other basic configurations 1, 2 and 4.

On the other hand, basic configuration 5 differs from the other basic configurations due

As a thrust-vectoring nozzle control of the type planned here is currently only being 
tested in experimental aeroplanes (e.g. X31), the development of a transport aeroplane 
of configuration 5 would involve a certain development risk.

Problems could arise in the development of the necessary particularly safe, electrical

More clarity on this can only be provided by a more detailed configuration study, which 
point 18 of the original research plan also foresees for the best configuration in terms of 
performance.

Thé main focuses of this study will be on a) a draft for the vectoring nozzles and b) a

detail.-

Another main focus of the study would probably be on d) a weight estimate for the

What other studies are important based on the results so far?

In study phase 4, 6 unusual transport aeroplane configurations were developed, for 
which no flight performance data are available so far in this study.
It would be useful to produce a comparative table, similar to that in study phase 8.
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File 1 and 2 of the study documents were currently considered as an appendix to this 

Filé 2 can be abbreviated.
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Contents of File 1:

Study Work Phases Number of 
dividers

Study Work Phase 1
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.

1

Study Work Phase 2 -
Preliminary Research oh the Size and Dimensioning of the Cargo 
Compartment of Transport or Freight Aircraft

2

Study Work Phase 3
Determination of Possible Wing/Fuselage Arrangements for Large 
Transport or Cargo Aircraft

3

Study Work Phase 4
Determination of Possible Wing/Fuselage Arrangements for Large 
Transport or Cargo Aircraft

4

Study Work Phase 5
Methodology for a Systematic Design Study on a Number o f Configurations 
for Large Aircraft, in Particular for Cargo Aircraft

5

Study Work Phase 6
Variable Aircraft Polar for Design Examinations on Large Transport or 
Cargo Aircraft. :

6

Study Work Phase 7
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Study Work Phase 1

Pre-examinations on iiriportant characteristic quantities o f transport or cargo aircraft, for the 

purpose o f allowing for initial principal data statements for an aircraft design to be made.
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Abstract

It <hàs türnëd out that simple relations can be mathematically derived for the corresponding 

spectrum of àncrâft.
With the help of these equations, it is possible to construct the data framework for the design 

aircraft, provided that a minimum quantity of information is given (e. g. max take-off weight 

and range).
In forder to depict the relations more illustratively, they were entered into a design diagram, 

This allows for directly reading linked data for any minimum parameter.

Two fundamental regularities resulted from itemising the mathematical connections. They are 

described in principles 1 and 2 on page 5.

The design diagram also reveals that it is expedient to lay down three layout categories for a 

certain aircraft concept which differ in payload and range. More information on this can be 

found on pages 14 and 15.

This report does not claim to be complete or final. Its purpose is to serve as a performance 

record within the framework of the study programme

PhD Design, Structures, and Systems



Study Work Phase 2

Preliminary research on the size and dimensioning of the 

cargo compartment of transport or freight aircraft. 

Correlation between payload, freight volume and cargo 

compartment aspect ratio.

Definition of an overall volume for freight aircraft 

and freight.

) Cranfield University, College of Aeronautics
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Abstract

1 and is based on the partial results gained there.

First, the Report reveals how a number of algebraical equations were derived which describe a

given volume. Subsequently, these mathematical functions are depicted by means of four

dimensioning tasks.

Iii order to graphically outline the design principle o f  the cargo compartment^ a geometrical 

graph (cubical graph) was thought up and introduced in the report. The representation takes 

the distribution of Weight in four sections for payload and fuel, as exposed in the first study, 

into account. They correspond with the three different transport operations.

The cubic graph reveals another way ofdefining an overall aircraft volume and ôf calculating 

the aspect ratio of an aircraft or the length of the fuselage.

Thereafter, the exactness of this proceeding is proved by means of example calculations for 

the cargo compartment, the fuel tank, and the overall aircraft volume.

In conclusion of this study report, a schematic diagram for a transport or cargo aircraft is 

shown which includes the described distribution of weight and does not only reveal the cargo- 

compaftment and fuselage length, but also states the coriés^ndirig wii® ^ â ;

This report does not claim to be complete or final. Its purpose is to serve as a peribrmâhce 4  : 

record within the framework of the Study Programme

PhD Design, Structures and Systems.
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Study W ork Phase 3

Determination of Possible Wing/Fuselage Arrangements for Large Transport 

Aircraft
Schematic diagrams with descriptions of:

- aircraft with tail stabiliser (normal)

- aircraft with front stabiliser

- aircraft with front and tail stabiliser

- aircraft with tandem arrangement of the wings

- aircraft without stabiliser (flying wing)
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Abstract

In this Study Work Phase, schematic diagrams of wing/fuselage arrangements will be 

depicted for five diffèrent transport or cargo aircraft types.

schematic diagram 1 

schematic diagram 2 

schematic diagrams 

schematic diagram 4 

schematic diagrams

The schematic diagrams and configurations have been drâiied for a max take-off weight of 
200 t to 30d t which has been taken as a basis fi)r several exàhiple calculations in studies 1 

and 2 and can been found in the medium range of large transport aircraft. Thus, the diagrams 

start from rather realistic presumptions.

For diagram 1, which serves as an initial or basic configuration for all other diagrams, 

calculations for the wing load and the wing area, the wing span, as well as the wing aspect 

ratio and the flight speed are also included.
Provided that the take-off weight and the wing area remain the same, the data established in

aircraft with tail stabiliser (normal) 

aircraft with front Stabiliser



The geometrical arid three-dimensional aspects that are essential for the respective 

configurations are included in the description.
Specifications respecting the position of the centre of gravity of the aircraft and important 

configuration-dependent quantities referring to the longitudinal stability are discussed briefly.

In order to organise the aircraft configurations arid their descriptions systematically, all 

depictions have been based on the same schematic diagram description set-up (see page 3).

The items listed therein are taken into account for all depicted aircraft types (for more details, 

seepage 17).

This report does not clàim to be complete or filial Its purpose is to serve as a performance 

record within the ftamewdrk of the study programme

PhD Design^ Structures arid Systems.



Study Work Phase 4

Determination of Possible Wing/Fuselage Arrangements for Large Transport or 

Aircraft
Schematic diagrams with descriptions of:

Aircraft with Wings Arranged in the Shape of a Rhombus

Diameter
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Abstract

In this Study Work Phase, schematic diagrams o f wing/fuselage arrangements will be 

depicted for six different transport or cargo aircraft types.

The fbllowing hardly known or unknown configurations are concerned:

Schematic Diagram 6 Aircraft with Three Tandem-Arranged Wings of the Same Size

Scheinatic Diagram 7 Aircraft with Wings Arranged in the Shape of a Rhombus

Schematic Diagram 8 Aircraft with Tail Stabiliser and Double Fuselage 

Schematid tiiagram 9 Aircraft with Front Stabiliser and Double Fuselage

Schematic Diagram 10 Aircraft with Two Taridem-Arranged Wings of the Same Size and

Double Fuselage

Schematic Diagram 11 Aircraft with Front Stabiliser and Double Fuselage, Outer Fuselages

having a Larger Diameter

The schematic diagrams and configurations have been drafted for a max take-off weight of 

200 t to 300 t which has been taken as a basis for several example calculations in studies 1 

and 2 and can been found in the medium range of large transport aircraft. Thus, the diagrams 

start from rather realistic presumptions.

For diagram 1, which has bden described in Study Work Report 3 and which serves as an 

initial or basic configuration for all other diagrams, calculations for the wing load and the 

wing àreâ, the wing span, as well as the wing aspect ratio and the flight speed were also 
included.-



Provided that the take-off weight and the wing area remain the same, the data established in

Four o f the âircraû-confîguration schemes shown here are not known yet or deviate 

significantly from what is known; therefore, it seems appropriate to conduct a number of pre- 

examinations in order to allow for an initial comparison with basic scheme L 

These pre-examinations shall be described in Study Work Report 5.

The geometrical and three-dimensional aspects that are essential for the respective 

configurations are included in the description on hand.
Specifications respecting the position of the centre of gravity of the aircraft and important 

corifigùratiôh-depëndent quantities referring to the longitudinal stability are discussed briefly:

In order to organise the aircraft configurations arid their descriptions systematically, all 

depictions have been based on the same schematic diagram description set-up (see page 3).

The items listed therein are taken into account for all depicted aircraft types (for more details, 

seepages# W 5 ) .

This report does not claim to be complete or final. Its purpose is to serve as a performance 

record within the framework of the study programme

PhD Design, Structures and Systems.
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Abstract

In this Study Work Phase, the methodology on which the Research Programme is based will 

be described or depicted.
So fary the description only includes those elements, the examination or portrayal of which 

has been recognised as particularly important. The individual steps have only become clear 

over thé course of Study Works 1 through 4 and are therefore not described in the first draft of 

the Research Programme or in the flow chart belonging to it.

A number of the elements depicted in the methodology are also included in Research 

Programme 1, however.

The work to be done according to the first draft o f the Research Programme influence the 

methodology as we go along, requiring the latter to progressively be supplemented and 

improved. The procedure depicted here has been elaborated in handwriting during a visit to 

Cranfield University and is brought into a more legible form by this document.
All details have remained unchanged compared to the hand-written version, except for the 

numerical values of the cargo compartment.
These values have undergone minor corrections and have been precisely adjusted to the

medium range transport defined in Study Work Phase 1.

This report does not claim to be complete or final. Its purpose is to serve as a performance 

record within the framework of the study programme

PhD Desigm Structures and Systems.
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Abstract

In Study Work Report 6, a variable aircraft polar is 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 

approximately describe the aerodynamic qualities of such an aircraft.

The form of the variable polars is that o f a quadric parabola which is precise enough for the 

linear range of attack.

For a transport aircraft in the medium weight category (2001), the polar is adjusted 

correspondingly. This adjustment also takes positive and negative deflections of the wing flaps 

into account, so it is possible to examine or calculate the most important flight statuses.

On page 24, this polar of the medium aircraft category is depicted graphically both without and 

with negative wing flap deflection. The negative wing flap deflection shall compensate for the 

reduction of the flying weight which takes place as the aircraft covers long distances. More 

detailed information on this can be found on page 23.

On page 26, the same aircraft polar is depicted without wing flap deflection. Two particularly 

important flight points are indicated: the point for best gliding and for least descent More 

information oh this can be found on pages 13 and 14.

192



Page 28 also shows this aircraft polar without wing flap deflection. Here, other than on page 

26, three significant flight points are indicated for comparison: the point for best gliding, the 
point for least descent, and that for the maximum range.

Oil pages 16 to 20, the aerophysical interrelationship between these three flight points is 

explained in detail.

Subsequently, the numerical values of the characteristic quantities ( C w / C a ) ,  ( C w 2/ C a 3 ) ,  and 

( C w 2/ C a )  are determined for the depicted aircraft polar without wing flap deflection. These 

numerical values can then be used for preliminarily calculating the range, the flight speed, the 

required thrust, and the rate of climb and of descent.

Apart fiOm the numerical values mentioned, the values ofthc aerodynamic quantities such as 

the GAmax with ahd without wing flap deflection are also important for calculating the take^oif 
and the landing speed of a large transport aircraft. A number of calculations shall be carried out 

for this as well. The diagram Ca = f  (a, q) on page 34 shows which CAmax-values are possible 

with plain wing flaps without a slot.

This report does not claim to be complete or final. Its purpose is to serve as a performance 

record within the framework of the study programme
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Abstract

For the preliminary draft and/or design of a large transport or freight aeroplane, more 

information is required regarding the engines to be used for the aeroplane in addition to the basic 

data described in Study Work Phases 1 ,2 ,3 ,4  and 6.

In the present Study Work Phase 7, the pertinent engines of existing large transport: aeroplanes 

will be compared based on corresponding comparison parameters. Comparison parameters are to 

this purpose engine data which have a direct impact on the design.

The comparison will be made in graphs so that the special engine data form points on a curve 

and/dr are values of an empirical or mathematical function. Trends will thus become visible, and 

intermediary solutions can be gathered.

• Engine main-pass ratio = f  (engine external dimension ratio)

• Engine main-pass ratio = f  (engine by-pass ratio)

• Engine main-pass ratio = f  (engine velocity ratio, engine by-pass ratio)

This report contains an engine external dimension comparison in addition to the comparison 

graphs. Based on the maximum dimensions for a basic turbojet engine, this comparison shall 

show how the external dimensions change when different external and internal operating 

conditions (operating parameters) are given. Example calculations will be conducted referring to 

the graphs and comparisons to elucidate the relationships more clearly.

Schematic diagrams of the pertinent propulsions are depicted on pages 10 and 11 to provide a 
better understanding of the various engine types.



All of the examples refer to the basic configuration according to schematic diagram 1 (200 t 

aircraft) as described in Study Work Phase 3.

The engine external dimension comparison also proceeds ftom a basic engine based on 

schematic 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 

engines beforehand; see pages 13 — 15.

This report does not claim to be complete or final. Its purpose is to serve as a performance record 

within the framework of the study programme

PhD Design, Structures and Systems.



Stüdÿ Work Phase 9

)bjectives and Assumptions for Projec 
Large Transport or Cargo Aircraft

Courseofstudies: PhD Design, Structures and Systems
Student: Andreas Mederer
Ref: 952943

Created ph: 

Signature:,

; 18.12.2000 

I Â Mederer

Number o f pages: 7

- study identification sheet -



Overview

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

become recognizable due to the work accomplished so far in accordance with the 

research plan.

depicted in the research plan are to be realised.

various points in the research plan.
By objectives is meant here concretely designated and/or formulated technical, project- 

related results.
The real objectives àre listed in a sequence such that the main result and underneath this 

the intermediate results are given. When elaborating the partial goals item 5 shall be 

aimed at first and item 1 last.
A prerequisite for objective 7 is that the real objectives 2 to 6 be elaborated first.

of my sêàbiid/ visit tjüi ïjpiahiibM bh: :'his.
part and wrote them down in a second list which is attached to my representations 

herein as an important working document that points the way.

studies in
and thus these working documents should also be recorded in a short report.

This report does not claim to be complete or final. Its purpose is to serve as a

PhD Design, Structures and Systems:
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Summary

In study module 8, fundamental configuration and performance data relating to four selected 
basic configuration models are determined or calculated.
Some of the configuration data for the basic configuration models were already featured in 
module 3 in the plan views of the aircraft; the rest were determined as part of this module 
based on the side views.

Thé available performance data for the four selected basic configuration models are based 
partly on aeronautical relationships from module 6 and partly on new equations derived from 
those of module 6.

The equations in module 8 feature constants which vary from one configuration model to 
another and have to be precisely calculated.
These constants are the Gwo and K-factofs for the symmetrical aircraft polars.
The Gwo factor determines the zero drag and the K-factor the induced drag of ttie aircraft.

The results of the Cwo and K-factor calculations are represented both individually (see 2.) and 
collectively in ready-reckoners (see 3. and 4.).

These calculated results are also compared in a polar comparison diagram which allows an 
initial assessment of the aerodynamic quality of the four basic aircraft.

The flight performance results arc grouped in a results table as the data involved relate to 
defined polar points (page 32).

Module 8 also includes four drawing portfolios and a roll of posters. The configuration data 
and corresponding point-based flight performance data are included in each drawing portfolio 
so that all the results obtained so far are available for each basic aircraft.

The calculations in module 8 are only based on initial data which are formally defined (by 
mathematical formulae) or well documented by measuring results (see 8.).

This report does not claim to be complete or definitive.
It is submitted as evidence of research work as part of the course of study

PhD Design; Structures and Systems.
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Abstract

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

The explanations have been set up in a way that all calculations can be comprehended and the 
influence of individual initial data becomes apparent.

The calculations respecting the individual aircraft have all been carried out following the same 
basic procedure, since the aim was to always use the same set of formulas. Depending On how 
complete the initial sets of data for the various aircraft were, the set of formulas was either 
extended or reduced.

Basic set of formulas:

maximum range with maximum payload, without reserves 
maximum range with maximum payload, with reserves

- maximum range without payload, without reserves

Extended set of formulas

- range, based on maximum flight time with maximum payload^ without reserves
- range, based on maximum flight time with maximum payload, with reserves
- range, based on maximum flight time without payload, without reserves

In order to allow for the calculated ranges of the ten built transport aircraft to be compared with 
the calculated ranges of the previous configuration schemes, in the flamework of this study, the 
range values of Configuration Scheme 1 have been re-calculated with the described set of 
formulas.

These calculations were carried out both for Configuration Scheme 1, using the basic engines, 
and for Configuration Scheme 1, using the alternative engines.

H ie  ranges of the built transport aircraft and of Configuration Scheme 1 resulting from the set 
o f formulas, have been juxtaposed in a table for comparison purposes. In order to allow for the 
calculation results referring to the built aircraft to be evaluated, the diflference between the 
calculated range and the actual range has been stated in percentage numbers in the table.

This report does not claim to be complete or final. Its purpose is to serve as à performance

PhD Design, Structures^and Systems.



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 
6.394.

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 
L-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%.

-47 - 203
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Abstract

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

The explanations have been set up in a way that all calculations can be comprehended and the 
effect of individual initial data becomes apparent.

The calculations are based on formulas and fundamental data which are detailed in section 1.

The calculations respecting the individual aircraft have all been carried out following the same 
basic procedure, since the aim was to always use the same set of formulas.

The set of formulas used gives the following information:

Basic set of formulas

for conditions À arid B:
- maxiiïiùm range without payload, without reserves
- maximum range without payload, with reserves

for condition C:
- maximum range with payload and maximum fuel, with reserves
- maximum range without payload, with maximum fuel and with reserves

Extended set of formulas

- range, based on maximum flight time without payload, without reserves
- range, based on maximum flight time without payload, with reserves

for condition C:
- range, based on maximum flight time, with payload and maximum fuel, with reserves 

range, based on maximum flight time without payload, with maximum fuel and with

Formulas for calculating the parameters 

for condition G:
- payload /maximum take-off weight for a given maximum range
- flying weight for a given maxinium range/ based on constant payload I maximum take­

off weight and empty weight/maximum take-off weight values
- flying weight for a given maximum range, baséd on payload / maximum take-off 
; ' ' \v e # := '0



with the ferry ranges of Configuration Scheme 1, the corresponding range values of 
Configuration Scheme 1 have also been calculated for conditions A and B in this study .

These calculations have been carried out for Configuration Scheme 1, using the basic engines, 
and for Configuration Scheme 1, using the alternative engines.

The ferry ranges corresponding with the set of formulas and the ranges with payload and 
maximum fuel of the ten built transport aircraft, and the ferry ranges of Configuration Scheme 1 
have been juxtaposed in a table for comparison 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 in percentage numbers in the table.

The difference between the calculated range and the actual range is shown both for the main

À more detailed description of the conditions Ay B and C can be found on page 10.

This report docs not claim to be complete or final Its purposc is to serve as a performance 
record within the framework of the study programme

PhD Design; Structures arid Systems.
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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.

-73 -



Study W ork Plïase 11

Scaling the Basic Configurations
- Scaling Configuration Scheme 1
- Scaling Configuration Scheme 2
- Scaling Configuration Scheme 4
- Scaling Configuration Scheme 5

Course of studies: PhD Design, Structures and Systems
Student: Andreas Mederer
kef:9Mm

Created oh: April 22.2003 

Signature:  L

Numtx^r of pages: 45

- study identification sheet -

208



Abstract

In this report, the scaling of the basic configuration schemes 1 ,2 ,4  and 5 shall be described 
and documented.

In the description, thé theoretical foundations of the scaling method and the corresponding 
algebraical formulas shall first be stated in section 1.1.

The scaling method is based on the definition of an overall aircraft volume that is made up of 8 
volume elements (also see Study Work Phase 2). The 8 volume elements can either be lined up 
or put together to form a cube that is then scaled on a larger or smaller overall aircraft volume.

Along with the theoretical foundations, it shall be shown how to derive the scaling factor for a 
desired maximum take-off weight and how this factor affects the wing load.

To allow for scaling a configuration scheme at random, the so-called scaling factor function 
shall be developed in section 1.2.

Section 1.3 : will deal with the 3 usefiil Scaling possibilities that have already been mentioned 
under Work Item 11 of the Research Programme.

Section 2 will show the actual scaling of the 4 basic configuration schemes.

The scaled configuration schemes or scaling drawings have been compiled in a separate folder 
for each basic configuration. For reasons of clarity, this report only includes the study 
identification sheets and index pages of those folders.

So far, there are 5 folders with scaled basic configuration schemes altogether. The first 4 
folders belong to the basic configuration schemes 1, 2, 4 and 5; they form the scaling steps 1 
and 2. Folder 5 belongs to the basic configuration schemes 1.4 and 1.5 which have been scaled 
in accordance with scaling step 2; it forms the so-called scaling step 3.

In addition to the 4 basic configuration schemes, the study also includes the configuration 
schemes 6, 7, 8, 9, 10 and 11 that have been developed on the basis of the 4 basic 
Configuration schemes. Therefore, section 3 describes how to proceed when scaling the 6 other 
configurations.

Report sections 4, 5 and 6 deal with aerophysical values such as wing load, zero drag and 
flight performance data that can change due to the apphed scaling method,



However, if the flight performance data o f the sealed basic configuration schemes are to be

Section 7 describes what has to be considered when scaling the side views of the basic 
configuration schemes 1 ,2 ,4  and 5.

This scaling process is not shown in Study Work Phase 11. However, statements on how to 
proceed are made.

This report does not claim to be complete or final. Its purpose is to serve as a performance 
record within the framework of the study programme _

PhD Design, Structures and Systerns.
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Overview

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

First in section 1 payload/range diagrams for a sample aeroplane (configuration principle 1) 
are described, which were calculated with the computer program KÔNFPRINZ1B.
The program produces two different types of payload/range diagrams, namely for maximum 
range or maximum flight time.
The basic theoretical principles for these calculations are described in section 1.1.

Then in section 2 the dependency of the ranges on the flight altitude is described for the sample 
aeroplane (configuration principle 1 ), which was also calculated with the computer program 
KONFPRINZ1B.
As with the payload/range diagrams, there are two types of diagram for the dependency of the 
ranges on the flight altitude, again for maximum range or maximum flight time.
The basic theoretical principles of these calculations are described in section 2.1.

For a large transport or cargo aeroplane there exist flight restrictions concerning flight velocity 
and flight altitude, which essentially depend oh the wave drag of the whole aeroplane and on 
the maximum thrust of the engines.
In section 3 these flight restrictions are discussed for the sample aeroplane (configuration 
principle 1). ' "

Section 4 of the report deals with so-called basic mission profiles for large transport 
aeroplanes. With the computer programs KONFPRINZ1A and KONFPRINZlB it is possible 
to quickly determme corresponding mission profiles.
Together the two calculation programs provide three different flight missions, the first two of 
which apply to the maximum range and the third for the maximum flight time.

For the sample aeroplane (configuration principle 1), drawings are provided for three basic

Section 5 of the report investigates how aeroplane containers used up to now are suited to the 
configuration principles 1,1.1, 1.2 and 1.3.

This report does not claim to be complete or final.
It serves only as evidence of studies made as part of the study program

PhD Design, Structures and Systems.
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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 carried out with these formulas.

In section 1, the term ‘static longitudinal stability’ shall be explained on the basis o f 
appropriate formulas. Then it shall be shown how to create à 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 dynamics into 
consideration. The formula for the horizontal stabiliser volume can also be depicted as a layout 
diagram, see page 12.

In section 2, the dynamic longitudinal stability shall be described with the help of equation (1) 
for the oscillation of the angle o f attack. This equation includes constants, as far as the 
resilience and attenuation o f the oscillation is concerned, which are formed by the aircraft’s 
configuration and flight parameters. Subsequently, it shall be demonstrated that equation (!) of 
the oscillation of the angle of attack can also be written in the form o f equation (2) of the 
oscillation of the angle of attack. This equation includes only ‘real’ flight characteristic 
quantities as constants, i. e. the natural fiequency too and the attenuation <|>. Formula 
expressions for ©o and § shall be given. Then it shall be demonstrated how to formulate an 
important connection between the natural frequency and the attenuation. Moreover, a formula 
for the horizontal stabiliser’s angle of incidence shall be developed which takes the horizontal 
stabiliser volume and the position of the aircraft’s centre of gravity in relation to the wing’s 
centre of pressure into account. Since the downward wind of the wing can influence the 
longitudinal stability and the horizontal stabiliser’s angle of incidence, a formula shall be 
created for this also.

In section 3, a calculation for the horizontal stabiliser’s trimming angle shall be given, both 
without and with the downward wind of the wing. The basis of calculation for this is 
configuration scheme 1.

Section 4 deals with the constants included in equation (1) of the oscillation of the angle of 
attack respecting the use of a fully electrical control system. In this context, the constants for 
the resilience of the oscillation K2  as well as for the attenuation o f the oscillation Ki shall be 
extended by the so-called control factors which represent the connection of the flight control 
system to the pitching moment generators. To be able to work out the extended constants of 
oscillation equation (1) for the configuration schemes, the corresponding constant formulas 
shall be given, along with appropriate explanations.
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In sections 5 and 6, calculations of coo and § of the oscillation o f the angle of attack for 
configuration schemes 1 ,2 ,4  and 5 shall be described in detail.

In section 7, the equation (3) of the track angle oscillation shall be stated in addition to section 
2, and a simple formula for the natural frequency (% of this oscillation shall be derived.

configuration Schemes 1, 2 ,4  and 5.

In section 9, the results o f the calculations will be discussed with the help of result tablés.

This report does not claim to be complete or final. Its purpose is to serve as a performance 
record within the framework of the study programme

PhD Design, Structures and Systems.



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 co0 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 coo 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 earned 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 GS2, 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 CS5 do not 
work with an attenuation support only.
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To be able to evaluate the numbers entered in the upper table for natural frequency œ0 and 
attenuation (|>, the corresponding set-points must be known.

Set-point for coo of the a  - oscillation : 2.2 1/s

Set-point for § of the a  - oscillation: 0.3 4-1.0

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:

coo - oscillation of the angle of attack / coo - track angle oscillation = 2.2860 / 0.05898 « 39
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Overview

Study phase 13 investigates which of the four basic configuration principles is the best in 
terms of transport capacity.
To determine this, a Comparative basis or a basic transport mission is necessary, which 
contains the two ranges Rxmax and Rmax in addition to the take-off and landing field length as 
well as climb and descent.

Rrmax = Range for maximum flight time 
R m a x  = maximum range

These ranges can now be calculated for every basic configuration principle, which was done in 
study phase 8 with provisional C^o values and in Calculations no. 1 with exactly calculated , 
Cwo values for the four basic designs.

Ill order to determine the best configuration principle in terms of range, the range valüeis Rtniax 
and Rmâx p fa  basic configuration principle are applied to the relevant range values of the 
selected basic transport mission.

Section 1 states which basic transport mission is to be used as the comparative basis arid fiMs 
the corresponding values for Rxmax and Rmax.

Section 2 presents the values for Rxmax and Rmax for the individual configuration principles 
based on the results table o f study phase 8. To enable a comparison to be made, the range 
values of the selected basic transport mission and those of the configuration principles must be 
forthe same flight altitude.

Then a range diagram is shown on page 6, in which the values for Rr™* and Rm« for the four 
basic configuration principles are entered. The data shown here correspond to those of 
Calculations no. 1.

The range diagrams are discussed in section 3.
A ample rule is given for the difference between maximum range Rmax and range with 
maximum flight time RTm«.
In addition, results of the range comparison of configuration principles 1, 2 ,4  and 5 are 
pfi^hW.

It serves only as evidence of studies made as part of the study program

PhD Design, Structures and Systems.
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Ferry range calculations for Boeing 747F, Max T-O weight, with reserves
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H E l
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Désignations:

GA(t) Maximum take-off weight of the aircraft

F(m ') Reference wing area of the aircraft

bp (m) Wing span

Ap Wing aspect ratio

1r  ( m ) Length of the aircraft’s overall fuselage

(m) Width of the aircraft’s overall fuselage

De Oti) Mean diameter of the engine’s overaU airflow inlet

n Multiple of the maximum take-off weight of the non-scaled aircraft 
Configuration principle 1

K skaI Scaling factor

GA/F(t/m/) Wing load o f the aircraft

(GA/F)st,i (t/mz)

bp, Sfcal, 2 (m) '

s ™ “ s r ' s o ,^ ’ “ u ,e
P ^ ( m )

' | ' Calcülatîohs fdr:

Lockheed C-5A, Galaxy

! ECOLIFTER, 2001 payload version 
j F-02, Civü freight aircraft

Validation calculations 2 66



Lockheed C-5A. Galaxy:

Parameter: Ga = 330,21 
F = 576,0 m2 
bp = 67,88 m 
Af = 8,0 
1r = 70,29 m
bR = (1,13 + l,27)/2 • 6,668 = 8,0016 m 
De = 2,54 m

n = 330,2/200 = 1,651

3 _______
Kskai = fl,651  = 1,1819

Ga/F = 330,2/576,0 = 0,57326 t/m2

(G A/F)skai = M  • 1,1819 = 0,59095 t/m2 (+3,1 %)

bp, skai, i — 55,39 • 1,1819 — 65,4654 m

bF,skai,2 = 65.4654 ■ V 8.0/7.67 = 66,859 m (-1,5%)

kskai = 57.5 ■ 1.1819 = 67,959 m (-3,3 %)

bR,skai = 2 0  -1,1819 = 8,273 m (+3,4%)

D E,skai = 2.76/V 2 • 1,1819 = 2,307 m (-9,2%)
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Boeing 747F:

Parameter: Ga = 351,541 (B, C, F)
F = 511,0 m2 
bp = 59,64 m 
Af = 6,9607 
1R = 68,63 m
bR = (1,0 + l,05)/2 • 7,5005 = 7,6880 m 
De == 2,428 m

n = 351,54/200 = 1,7577

3
Kskai = V 1,7577 = 1,2068

Ga/F = 351,54/511,0 = 0,68795 t/m2

( G a/F ) s m  =  M  • 1,2068 = 0,6034 t /m 2 (-12,3 %)

bp, skaï, i — 55,39 * 1,2068 — 66,8447 m

bF, skaï, 2 = 66.8447 • V 6.9607/7.67 = 63,679 m (+6,8 %)

Ir, sk.i =  5 1 5  - 1,2068 =  69,391 m (+1,1 %)

bR.skai = 1 2 - 1,2068 = 8,448 m (+9,9 %)

DE,skai = 2.76/V 2 - 1,2068 = 2,355 m (-3,0 %)
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Airbus A3 80F:

Parameter: G a = 5901 
F = 845 m2 
bp = 79,80 m 
Ap == 7,5361 
1r = 73,0 m (overall) 
bR = (7,14 + 8,47)/2 = 7,805 m 
De = 3,486 m

n = 590/200 = 2,950

Kskai = V 2,95" = 1,4341

Ga/F = 590/845 = 0,69822 t/m2

(G A/F)skai = M  - 1,4341 = 0,71705 t/m2 (+2,7 %)

bp, skaï, i — 55.39 • 1,4341 — 79,4348 m

b p ,sta u  = 79,4348 ^7,5361/167 = 78,738 m (-1,3 %)

kskai = 5%5 1,4341 = 82,461 m (+13,0 %)

bR,skai = Zâ-1,4341 = 10,039 m (+28,6 %)

DE,skai = 2.76/V2 • 1,4341 = 2,799 m ( -19,7 %)
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ECOLIFTER. 2001 pavload version:

Parameter: Ga = 5301 
F = 900 m2 
bp = 85,0 m 
Ap = 8,028 
1r = 78,0 m
bR = (1,18 + l,57)/2 • 6,7621 = 9,298 m 
De — 2,834 m

n = 530/200 = 2,65

3
Kskai = V2,65 = 1,3838

Ga/F = 530/900 = 0,58889 t/m2

(GA/F)skai = M  • 1,3838 = 0,6919 t/m2 (+17,5 %)

bp.skau = 55.39 • 1.3838 = 76,649 m

bp.stau = 76.649 ■ V8T028/7.67 = 78,417 m (-7,7%)

Ir, skai = 57.5 • 1.3838 = 79,569 m (+2,0%)

bit, ska! = 2 0  -1,3838 = 9,687 m (+4,2 %)

Dm, ska, = 2.76/V 2 • 1,3838 = 2,701 m (-4,7%)
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F-02. Civil freight aircraft:

Parameter: Ga = 116,5 t 
F = 204,33 m2 
bp = 47,41 m 
Ap = 11,0
1R = 41,0m (overall) 
bR = 5,0 m 
De = 1,699 m

n = 116,5/200 = 0,5825

3
Kskai = V 0.5825 = 0,8352

Ga/F = 116,5/204,33 = 0,57016 t/m2

(G A/F)skai = M  • 0,8352 = 0,4176 t/m2 (-27,7%)

bp.skau = 55.39 • 0.8352 = 46,262 m (-0,2%)

bp, skai, 2 = 46.262 ■ VI 1.0/7.67 = 55,402 m (+16,9%)

kskai = 57.5 ■ 0.8352 = 48,024 m (+17,1 %)

bR,skai = LQ • 0,8352 = 5,846 m (+16,9%)

D E,skai = 2.76/V2 • 0,8352 = 1,630m (-4,1 %)
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Key

W,„,x(t) max take-off weight

WE(t) operational weight empty (with crew)

Wp»y(l) weight of payload

Wmd (t) weight of fuel

f  TV (lb/km) consumption per kilometre

R (km); (ini miles) range

f/F (lb /lb -h) -  SFC specific fuel consumption

F (lb); (t) thrust of the engines

V (km/h); (int miles/h) flight speed

D(t) flight drag of the aircraft

(Cd/C,.)„„ (-) optimum reciprocal lift/drag ratio

Cdo(-) coefficient of the lift-independent drag of the aircraft

k(-) ,

A(") wing aspect ratio

T(h) flight time until the entire fuel has been used up

weight empty fector

kray(-) payload fector

fuel factor

Wpay.maxto max payload weight

WPay, mi„ (t) minimum payload weight -  reserve fuel wêight

(quotient) constant value

Study Work Phase 1
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V(fl'*) original volume of the payload

Wpay (t) maximum weight of the payload

WspecW) specific gravity of the payload

ho (ft) height of the original cubic cargo compartment

h  (ft) height or width of the cargo compartment

1 (ft) length of thé cargo compartment

h / l  (-) = k ■, ,f aspect ratio number of the cargo compartment

h*

M * ; .
I3

w m« (t) maximum take-off weight

Wh (t) weight of one aircraft cell (8 cells)

w M (t) Weight of the fiiel . / %

( v r ) specific gravity of the fuel

V A e r n p ^ m overall aircraft volume according to definition

WE(t) aircraft weight empty

(h/l)Aerdplane (" )  = kAcropbne aspect ratio number of the overall aircraft cargo compartment

h o . A e ^ f t ) height or width of overall aircraft original cargo compartment

hAer„p,m e ( f t ) height or width of overall aircraft cargo compartment

ÏAeroplane (ft) length of the ovefafi airctàft c^go compartment

Study Wok Phase 2
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Key
Wp,y(t) weight o f payload

W m a x C t ) max take-off weight

t w o max lift coefficient o f the wing

(1mm ( W ) dynamic pressure with C ^  on the Wing 
I Ctmax

S(ftz);(m2) wing reference area

CLoptO optimum lift coefficient o f the wing

q<.pi (lb/ll2) dynamic pressure with Gtopt on the wing

q (lb/ft2) dynamic pressure during flight

V (ft/s); (int milcs/h) ilighl speed

P (lb • s2/ft4) atmospheric density

Vop, (it/s); (int roiles/li) : flight speed with CL„p, on the wing

CdoO coefficient o f the zero drag o f the aircraft

k O IM-A,

A sO aspect ratio o f the wing

Vmm (ft/s); (int miles/h) flight speed with C^p,pn the wing
! C lm a x  .

W m a x / S  (lb/ft2); (t/lV) wing load o f the aircraft.

V o p ,,  7km (ft/s); (int miles/h) fhght speed with on the wing in an altitude of7km

PTfcm (lb • s2/ft4) atmospheric density in an altitude o f 7 km

bs (ft) wing span

X s(") taper ratio or span-chord ratio o f the wing

Pis (ft) wing depth outside

ca (ft) wing depth inside

to (ft) height o f the aircraft’s overall cargo compartment

f t  (ft*) volume o f a cubical cargo compartment cubicle

Study Work Phase 3
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Vo(-) volume coefficient due to horizontal stabiliser

ls,s(ft) moment arm of the horizontal stabiliser

C (ft) depth of the wing at the point of the wing area’s centre o f gravity

S iW ) reference area of the horizontal stabiliser

<ps (degrees) sweep angle ofthe wing in the centre of the wing area

<Psl (degrees) sweep angle of the wing at the leading edge ofthe wing

<Psr (degrees) sweep angle of the wing at the rear edge of the wing

Vs.s.r (degrees) sweep angle of the horizontal stabiliser at the rear edge of the 
horizontal stabiliser

Cl. s (ft) depth ofthe horizontal stabiliser outside

c,.s (ft) depth ofthe horizontal stabiliser inside

<ps, s (degrees) sweep angle ofthe horizontal stabiliser in the centre ofthe horizontal 
stabüiseraréa

<l>s, s, i .  (degrees) sweep angle of the horizontal stabiliser at the leading edge of the
horizontal stabiliser

Fo, per engine (t) staticjet thrust of an engine

Kft) length ofthe aircraft’s overall cargo compartment

W .a g e ( f t ) length ofthe aircraft’s overall fuselage

Kft) = ^Aeroplane length ofthe aircraft’s overall cargo compartment

h (ft) height ofthe aircraft’s overall cargo compartment

ft (ft) width of the aircraft’s overall cargo compartment

bs(ft) fm gspa ti

Vo, nose CS (" ) volume coefficiérit dtie to nose horizontal stabiliser

Vo,tail CS ( - ) volume coefficient due to tail horizontal stabiliser

Indices:
CS -  control surfaces

Study Work Phase 3
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Wpay (t) max weight o f payload

wmax(t) max take-off weight

Vo (-) volume coefficient of the horizontal stabiliser or that of the surfaces 
replacing the horizontal stabiliser

ns number of wings

Al (ft) distance of the centre of gravity of the aircraft to the reference line of 
the middle wing or the axis o f symmetry of the wing system

c(ft) depth of the wing at the point of the wing area’s centre of gravity

b(ft) width of the aircraft’s overall cargo compartment

h (ft) height of the aircraft’s overall cargo compartment

Hft) length of the aircraft’s overall cargo compartment

Iftsdage (ft) length of the aircraft’s fuselage

bs (m) : wing span

Stabiliser horizontal tailsurfaces

Engine

Turboprop turbojet engine with propeller

Study Work Phase 4
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Key

CL Overall HA coefficient

(dCi/dcOs LiA increase of the wing
■■ :: ,

as (degrees) Angle of attack o f the wing

CD Overall drag coefficient

Cdo Coefficient o f the HA-independent drag

k W* As

As-. .

ÀCl, Hàp Variation of the overall HA coefficient caused by wing flap; deAeptiQn

T1 (degrees) DeAectiOn angle of the wing flaps

Relation of the wing flap depth to the depth of the rigid part of the

Variation of the overall drag coefficient caused by wing flap 
deflection

(pflap/bflap ) Relation of the wing, flap depth to the span of the wing flaps

Sm/S Relation 6f the wing flap area to the wing area

W § ; W W 1;
Overall lilt coefficient with wing flap deflection

OveraU drag coefficient with wing flap deflection

Aas (degrees) V a r ^ o f  the angle o f attach of the wing part caused hy wingflap

Cd/Cl Reciprocal lift/drag ratio of the aircraft

Study Work Phase 6
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(Cd/c:,.)-/,,,;,, Reciprocal M/drag ratio of the aircraft with Ymin

(Cd/Ci.)Vy, niin Reciprocal lift/drag ratio of the aircraft with minimum rate of descent

(CVQJRmrt, Reciprocal lift/drag ratio of the aircraft for maximum range

(Cd/Cl) Characteristic value ofthe reciprocal lift/drag ratio o f the aircraft

(CtiW) Characteristic value of the reciprocal climb factor of the aircraft

(Q//Q.) Characteristic value of the reciprocal range factor ofthe aircraft

Vy (it/s) Rate of descent of the aircraft

V (ll/s), (ini miles/h) m g h t^ eed

W(Ib),(t) Weight hfthe aircraft \

P Ob • s2/ft4) Atmospheric density

S (ft2), (mz)

Pc(i=™i,(lb-ft/s) Hover performance

F (lb), (t) Useftil thrust

(Cd/Gl) Reciprocal lift/drag ratio of the aîrcraft

K (km), (tat miles) Range ofthe aircraft

Wg/Wmax Relation of the operative weight empty to the take-off weight

Wp^W_ Relation ofthë payload weight to the take-off weight

f  */F (lb/lb : h) Specific fuel consumption ofthe engines

Study Work Phase 6
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D/L Reciprocal lift/drag ratio

D(H)),(t) Flight drag

L0b),(t) Flight lift

q (lb/ft2) Dynamic pressure during flight

S f l a p , a r c a / S Wing area portion of the flap zone compared to the reference wing 
a™  .

A C L m à x ,  flap Variation of the overall lift coefficient caused by maximum wing flap 
deflection

Aamax (degrees) Variation of the angle of attack of the wing part caused by maximum 
wing flap deflection

r im a x  (degrees) Maximum wing flap deflection

G tm a x ,  flap  - Maximum overall lift coefficient with maximum wing flap deflection

C L m s s l in e a r Maximum overall lift coefficient without wing flap deflection in the

A C o m a x ,  flap Variation of the overall drag coefficient caused by maximum wing 
flap deflection

% ( d # m ) Smallest gliding angle ofthe aircraft

Overall lift coefficient with yrain

%ap = n (degrees) Deflection angle ofthe wing flap

^ ( d e g r e e s ) Wing’s rigging angle of incidence against the longitudinal axis of the 
fuselage

Study Work Phase 6
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(Ci)/CL)min Characteristic value of the smallest recipro cal lift/drag ratio

Characteristic value of the smallest reciprocal climb factor

(Qf /QXm Characterise value of the smallest reciprocal range factor

Remark:

Study Work Phase 6
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Key

Jet-engine Engine

PPE Propeller piston engine

PTJ Propeller turbojet engine

TF Bypass turbojet engine

TJ Turbojet engine

Power

m (lb • s2/Ê) Mass :

a (A/s') Acceleration

dV/dt (0/8-=) Speed change/time

d # d t #  - s/A) Mass change/time

t(s) Time '

V (A/s); (ini milcs/li)

V  ( W ) = dV/dt

m- (lb • s/ft) -d w d ,

1' db); (t) Engine thrust

m • V (lb); (t) Impulse per second

m', • V, (lb); (t) Impulse per second at the engine outlet .

m', • V, (lb); (t) Impulse per second at the engine inlet

Vj (ft/s) Speed of the airflow at the engine outlet

Vi (ft/s) Speed of the airflow at the engine inlet

m j  (lb ; s/ft) Air quantity per second at the engine outlet

m‘i (lb • s/ft) Air quantity per second at the eh^ae inlet

m • V (lb • s); (t • s) Impulse, stroke, thrust blast

Study Work Phase 7
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Fi(Ib);(t) Thrust generated by engine’s main airflow

F2(Ib);(t) Thrust generated by engine’s bypass airflow

m*i (lb * s/ft) Air quantity o f the engine’s main airflow per second

m*2 (lb • s/ft) Air quantity of the engine’s bypass airflow per second

Vi(ft/s) = (A2 /Ai) Vz Speed difference of the main airflow of the engine

V2 (ft/s) = V/k Speed difference of the bypass airflow of the engine

k = V/V2 Factor, by which V is greater than V2

p (lb • s2/ft4) Atmospheric density

A, (ft2) Cross-sectional area of the engine’s overall airflow inlet

A, (ft2) Cross-sectional area of the engine’s main airflow inlet

A2 (ft2) Cross-sectional area of the engine’s bypass airflow inlet

F (level) (lb); (t) Thrust required for horizontal flight

8  -  C D/ C l Reciprocal lift/drag ratio of the aircraft

C d Overall drag coefficient

C l Overall lift coefficient

W(Ib);(t) Weight of aircraft

di(ft) Mean diameter of the engine’s overall airflow inlet

1/d, Ratio of the engine’s overall length/overall inlet diameter

Az/A, By-pass ratio of the engine

Ai/A, Main-pass ratio of the engine

Study Work Phase 7
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F,(lb);(t) Thrust generated by engine’s main aîrflbw

1?2 (lb); (t) Thrastgienerated by engiue’s bypass mrfldw

m'i (lb • s/ft) Air qüantityr)f the engine’s main airflow per second

■
1

Z
6 Air quantity of the engine’s bypass airflowjper second

Vi(A/s) = (A2/A0 Va Speed difference ofthe main airflow of the engine
Speed difference ofthe main airflow of the turbojet basic engine

Ÿ 2C #) = Vm Speed difference of the bypass airflow ofthe engine 
Speed difference of the main airflow of the modified engine

k - Y N 2 Factor, by which V is greater than ̂ 2

p ( lb ‘ÿ/ftv) Atmospheric density

Cross-sectional area o f the engine’s overall airflow inlet

Ai # ) Cross-sectional area o f the engine’s main airflow inlet.

CmsMedipnal area ofthe engine's bypass'aMow Met

Thrust required for horizontal flight

6 = CD7CL Recîproca! DS/drag ratio ofthe aircraft

€ d Overall drag coefficient

Gl Overall lift coefficient

Weight ofaircraft

di(A) Mean diameter of the engine’s overall airflow inlet

l/dj Ratio ofthe engine’s overall length/overall inlet diameter

A # ! By-pass ratio ofthe engine

A1/A1 Mait-pass ratio ofthe engine

Study WorkiRhaseJ
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A  (l/d |)jurbojet Cl/di)Turbojet (1/di)rurboprop

(I/di)rurbojet Ratio of overall length/overall inlet diameter of turbojet engine

(l/di)Turbofan Ratio of overall length/overall inlet diameter of turbofan engine

(l/di)rurboprop Ratio of overall length/overall diameter of turboprop engine

(l/d i)prbp. Pistdn-engine Ratio of overall length/overall diameter pf propeller piston engine

iTurbofkh (ft) Overall length of the turbofan engine

ÀV (ft/s)

Mean acceleration length o f thé engine

Engine ( A ) Theoretical length of the engine

Pi (Ib/fl^) Static pressure of the airflow at the engine inlet

P, (lb/ft7) Static pressure o f the airflow at the engine outlet

p (Ib/â-1) 1/3 * (pi — pj)

P .v m ge d b  • S2/ f t 4) Mean dcnsity ofthe aitflowin,hc cns inc

^Engine, average ( f t ) Mean theoretical length ofthe engine

h n g m e, (ft) Theoretical length ofthe basic engine

a. (ft/s') Mean acceleration in the basic engine

’— (ft)
Theoretical length ofthe modified engine

a2 (ft/s') Mean acceleration in the modified engine

A l l  (ft2) Cross-sectional area ofthe overall airflow inlet of the basic engine

d., (ft) Mean diameter of the overall airflow inlet of the basic engine

Study Work Phase 7
— 6 —



Ae(ff) Cross-sectional area of the overall airflow inlet of the modified 
engine -

d a # Mean diameter o f the overall airflow inlet of the modified engine

Ai/Ai Main-pass ratio

A2 /A1 By-pass ratio

Irurboprdp (H) Overafl length of thÿturbbprop engine

Iprop; Pistdri-engine (ft) Overall length of the propeller piston engine

Indices: 
I = Inlet 
J = Jet

Study Work Phase 7
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Symbols

li ground run distance for take-off

VTo velocity at take-off

b mean acceleration during ground run to take-off

F mean accelerating force during ground run to take-off

m mass of the aeroplane at start

W weight of the aeroplane at start

g acceleration due to gravity

p air density

S réference wing area

Cî TÔ lift coefficient at take-off

ÇÈ/W) ] reciprocal force load

Study Work Phase 9
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CD Total drag coefficient

Cdo Coefficient of the drag independent of lift

As Aspect ratio of the wing

Cl Total lift coefficient

8 ' ■ ■ Correction factor for the wing contour 
with induced drag

b(ft) Wingspan width

S (ft4) Wing area

Profile degree of efficiency :

cé/cé Taper of the trapezoidal wing

«(arc) Geometric angle of incidence of the wing

ao(arc) Geometric angle of incidence of the wing 
with As = oo
Correction factor for the wing contour 
with induced angle of incidence
Aspect ratio of the rear wing

Cüi Coéfficientofthe induced drag

a, (arc) Induced angle of incidence

Gen Coefficient of the induced drag 
of the rear wing
Coefficient .ofthe induced drag 
ofthe front wing
Lift coefficient ofthe rear wing

: Aspect ratio of the ftont wing

Lift coefficient of the front wing

s , (ft-2) ' Area of tile rear wing :

% (f tl Area of the ftont wing

ctii (arc) Induced angle of incidence 
ofthe rear wing

«i2  (arc) Induced angle of incidence 
of the front wing

Study Work Phase 8
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Cd,pi Total drag coefficient for 
configuration principle 1

Cdo,pi Coefficient o f the drag independent o f lift 
for configuration principle 1

kpi (1/tu • As)pi

6pi Correction factor for the wing contour with 
induced drag for configuration principle 1

« pi (arc) Geometric angle o f incidence o f  the wing 
for configuration principle 1

ao,pi (arc) Geometric angle o f incidence o f  the wing 
with As = go for configuration principle 1

Tpi Correction factor for the wing contour 
with induced angle o f incidence 
for configuration principle 1

CDP2 Total drag coefficient for configuration 
principle 2

Cdo,P2 Coefficient o f the drag independent o f lift for 
configuration principle 2

' : ' (l/% .As)F2

&2 . / Correction factor for the wing contour 
with induced drag for configuration 
principle 2

o f ̂  w‘nE f"
<x0,P2 (arc)

f # - --  ̂ T; ' ' - V ;' sssszszr—
for configuration principle 2

Cp,P, Total drag coefficient for configuration
principle 4

CDO.P4 Coefficient o f the drag independent o f lift for
configuration principle 4

# .  ; -   ̂: ' ( I /tt • As)p4

Correction factor for the witig contour 
with induced drag for configuration 
principle 4

ap4 (arc) Geometric angle o f incidence o f  the wing 
for configuration principle 4

a 0 ,P 4  (arc) Geometric angle o f incidence o f  the wing 
with As = oo for configuration principle 4

X p4 Correction factor for the wing contour 
with induced angle o f incidence for 
configuration principle 4

Study Work Phase 8
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Cd,P5 Total drag coefficient for configuration 
principle 5

Gdo,P5 Coefficient o f the drag independent o f lift for 
configuration principle 5

kps (I/tt • As)p5

dp5 Côrrectiôtt factor for the wing contour 
with induced drag for configuration 
principle 5

«P5 (arc) Geometric angle o f incidence o f  the wing 
for configuration principle 5

<xo, P5 (arc) Geometric angle o f incidence o f the wing 
with As -  oo for configuration principle 5

#5 Correction factor for the wing contour 
with induced angle o f incidence for 
configuration principle 5

Gdo fuselage, PI Coefficient o f the drag independent o f lift o f  
the fuselage with control unit for 
configuration principle 1

Guowmg,i>i ■ : XV': - Coefficient o f the drag o f  the wingK^i“ pS”go“,o,a
GDpro#é,Pl

Çd interference, PI

ACDinteMkmcetPZ S 5 5 = ~ _
with the front elevator unit

A C D ^ P I £=âS„:sao1,5trffl,<tog
influencing o f the wing with the front elevator 
unit
Surface area o f the wing area influenced by 
front elevator unit
Decrease the coefficient o f the drag 
independent o f lift for configuration 
principle 1 by omitting the rear elevator unit

' - x ; - - x Elevator unit area

GDOi ' ' : - Resistance coefficient in relation to maximum 
cross-sectional area

Gd02 Resistance coefficient in relation to the wing 
area

Study Work Phase 8
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k ( 1 / t i  • As)

RTmax(stat miles) Range with maximum flying time

Rmax (stat miles) Maximum range

(Wmax/D) Lift/drag ratio o f the aircraft

(Ci/CD) Lift/drag ratio o f the aircraft

V (mph) Flight speed '

(Cn/CL) Reciprocal lift/drag ratio o f the aircraft

V /(C i/C L )(# li) Quotient for the range calculation

(Gi/Gd-) ■■■ ■ ■ Range number o f the aircraft

(Go/C^Tmax Reciprocal lift/drag ratio for maximum flying 
time o f the aircraft
Reciprocal lift/drag ratio for maximum range 
o f the aircraft

(V /(C D /C L ))T m ax (m p h ) : Quotient for the range calculation 
with maximum flying time
Quotient for the range calculation 
with maximum range

kR (lb - h/lb) Factor ofthe range calculation

Cco.Pi Coefficient o f the drag independent o f lift o f  
the various configuration principles

kri ( I / t t  • A s )  o f the various configuration 
principles
Maximum flying time

Factor o f the lines o f longest flying time

kRmax •. ' • ' :: Factor o f the lines o f greatest range

(Ifusclage/dfuselage) ' Fuselage body aspect ratio "

CdO, fuselage body Coefficient o f the drag iridependent o f lift o f  
the fuselage body

Gdo, plate Coefficient o f the drag o f a circular plate 
which is flown past JL to the plate levèl

CdO, sphere Coefficient o f the drag o f a sphere

Gdo, rod Co efficient o f the drag o f a rod 
with lfijseiag0=oo and dfoseiagé-̂  O

Study Work Phase 8
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C do, fuselage body, PI Coefficient o f the drag independent o f lift o f 
the fuselage body for configuration 
principle 1

C d O, engine gondola, PI Coefficient o f the drag independent o f lift o f 
the engine gondola for configuration 
principle 1

C d  profile f  ( C l )  , profile drag

C d  profile, PI Medium profile drag o f the wing for 
configuration principle 1

Oengine gondola^dCngine gondola) Engine gondola aspect ratio

y e s  . Rudder unit

KHGS ■ Rear elevator unit

FIICS ; : ' Front elevator unit

S
Wing "  ' ' '

Study Work Phase 8
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Designations:

R-Tmax, Ferry (stat Uliles) ferry range, based on maximum flight time

kR, Ferry (IB * Mb) factor of the range calculation for ferry range

(y/(G i>/G L ))T inàx, Ferry (ft/s) quotient for the range calculation^ based on 
maximum flight time for ferry range

Rmax, Ferry (Stat mileS) maximum feny range

(V/(GD/GL))Rmax, Ferry (fi/s) quotient for the range calculation, based on 
maximum range for ferry range

Wperry (lb); (t) aircraft weight, flying weight for ferry range

RFerry (Stat miles) “  Rmax* Feny

R lesi reserves  ̂Ferry (Stat nàllës) ; maximum ferry range, minus the réserves

R-Trhax, less reserves. Ferry (stàt ipiiles) ferry range based on maximum flight time, 
minus the reserves! weight of the payload in the aircraft for ferry 
range

Wpuel max, theor (lb); (t) theoretical maximum fuel
B -É1

maximum fuel

( v / c c y c o w ,  (ft/s) quotient for calculating the range for 
maximum range with Wi
reciprocal lift/drag ratio of the aircraft for 
Rmax 1 ?

(V/(CD/GL))i^ x , 2  (ft/s) quotient for calculating the range for 
maximum range with W 2 i: - •

Vi (ft/s); (mph) flight speed for R ^  with W, m
flight speed for Rmax with Wz

v-
#:

W, (lb); (t) =Wmax y ;/:-:

Ci,R m ax lift coefficient for Rmax
' '

W2 (lb); (t) reduced flying weight

RFerry, debit (Stat miles) maximum ferry rangé without/with payload* 
without reserves, as stated by the 
manufacturer

R léss reserves. Ferry, debit (stat nÛlcs) maximum ferry range without/with payload* 
minus the reserves, as stated by the 
manufacturer

Study Work Phase 10a
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Désignations:

Rw average. Ferry (stât llîilcs) maximum ferry range without/with payload, 
without reserves, based oh average flying 
weight

R w  average, less reserves. Ferry (stat Miles) maximum ferry range without/with payload, 
minus the reserves, based on average flying 
weight

R w  average, less reserves, Feriy, debit ( s t a t  m i le s ) maximum ferry range without/with payload, 
minus the reserves, based on average flying 
weight, as stated by the manufacturer

y
/ .

Study Work Phase 10a ^  g g



Designations:

Rrmax (stat miles) range, based on maximum flight time

kR (lb • h/lb) factor of the range calculation

quotient for the range calculation, based on 
maximum flight time

Rmax (stat miles) maximum range

quotient for the range calculation; based on 
maximum range

R (stat miles) — Rmax

Rless reserves C$tat llliles) maximum range, minus the reserves

AR (stat miles) distance between the destination airport and 
the alternate airport
range, based on hold flight time

cross-sectional area of the engine’s overall 
airflow inlet

CD/% reciprocal lift/drag ratio of the aircraft

weight ofthe aircraft, flying weight

p O b .s W ) atmospheric density

V (A /s);W h) flight speed

(Cn/COopt optimum reciprocal lift/drag ratio ofthe 
aircraft
coefflcientofthe drag whichis independent 
of the lift

Study Work Phase 10a
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Designations:

k (1/tc * As)

V o p t  (ft/s); (mph) optimum flight speed

S (ft2) wing area

^Engines number of engines generating thrust

V2(ft/S) speed difference (Vj - Vi) of the engine 
airflow with a given throttle position

Vi(ft/s) speed difference (Vj - Vi) of the engine 
airflow with a medium throttle position

Vj (ft/s) . speed of the airflow at the engine outlet

Vi(A/s) / speed of the airflow at the engine inlet

Al2 (ft2) (A12/A11) • An

A n (0 )  - cross-sectional area of the engine's overall
airflow inlet, based on a basic engine

% w ( # # fuel weight

maximum take-off weight o f Üie aircraft

f  '/F  (lb/lb * h) specific fuel consumption of the engines

T(h) flight time given, until all the fuel has been 
burned up

Twd(min);(h)

(WFud/WmüJho,d

Study Work Phase 10a
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Designations:

F (level) (lb); (t) thrust of the engines for horizontal flight

F(lb);(t);(lbst) random thrust of the engines

W a y # ; # weight of the payload in the aircraft

WË(lb);(t) operation empty weight of the aircraft

Max Wpay (t) maximum payload in the aircraft

flight altitude

W i^(lb) dry weight of an engine

By-pass ratio = An/An of an engine

specific fuel consumption (lb/lb/hr) "Vspc

lE.gme(fi);(in) overall length of the engine

d (ft); (in) # # :  ' : : : ' :

di(ft);(in) mean diameter of the engine’s overall airflow 
inlet

h rm wing span

As wing aspect ratio

Ram (stat miles) z x s ^ r nmp*y“-”
kR,Feny(lb.hdb)

ferry range)

Study Work Phase 10a
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Designations:

Rpeny (stat miles) maximum range without payload, without 
reserves (ferry range)

Rpeny, debit (stat LLiiles) maximum range without payload, without 
reserves, as stated by the manufacturer

Rless reserves, debit (st3.t Illilés) maximum range with maximum payload, 
minus the reserves, as stated by the 
manufacturer

W ^ # ; ( t ) average flying weight

Rw average (stat niiles) majdmum range with maximum payload; 
without reserves, based on average flying 
weight

Rwaverage,debit (Stat miles) maximum range with maximum payload, 
without reserves, based on average flying 
weight, as stated by the manufacturer

RTmax, less reserves (stat tililés) range based on maximum flight time, with 
maximum payload, minus the reserves

hopt (ft) flight altitude for maximum cruising speed

P (HP) propulsion power

propeller efficiency

SFCregardhgP (lb/HP • ll) speciflc fliel consumption o f the engines with

Study Work Phase 10a
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Designations:

ho. Aeroplane (ft ) Overall aircraft volume of the non-scaled aircraft

ho. Aeroplane (ft) Height or width of the non-scaled overall aircraft’s initial cargo 
coinpartment

# x ( t ) Maximum take-off weight of the non-scaled aircraft

Specific weight of the payload

Vo, Aeroplane, scale (ft ) O verall aircraft volume of thé scaled aircraft

ho. Aeroplane, n (ft) Height or width of the scaled overall aircraft’s initial cargo compartment

W tnax, scale (t) Maximum take-off weight of the scaled aircraft

Multiple of the maximum take-off weight of the non-scaled aircraft

^séale:; : y ' Scaling factor

ho,Aeroplane,! (A) Height or width of the scaled overall aircraft’s initial cargo compartment

h0,Aeroplane,3 (A) Height or width of the scaled overall aircraft’s initial cargo compartment

Height or width of the scaled overall aircraft’s initial cargo compartment

h0— 5(ft) Height or width of the scaled overall aircraft’s initial cargo compartment

h ,V  (ftj) Volume of an aircraft cubicle of the scaled aircraft

T .**1
Wing load of the non-scaled aircraft

Reference wing area of the non-scaled aircraft

s . (ft2) Reference wing area of the scaled aircraft

(W/S)„ (t/fp) Wing load of the scaled aircraft

Study Work Phase 11
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Designations:

Wr.(t) Operational empty weight of the non-scaled aircraft

We i (t) Operational empty weight o f  the scaled aircraft with scaling 1

W tifcv®  :: Maximum take-olf Weight of the scaled aircraft with scaling 1

W,.;2(0 Operational empty weight of the scaled aircraft with Scaling 2

Wmax,2 (t) Maximum take-off weight of the scaled aircraft with scaling 2

We3 (t) Operational empty weight of the scaled aircraft with scaling 3

Wmax.3 (t) Maximum take-olf weight of the scaled aircraft with scaling 3

Maximum payload weight of the non-scaled aircraft

Wpay,, (t) Maximum payload weight of the scaled aircraft with scaling 1

Wpây,2(t) Maximum payload weight of the scaled aircraft with scaling 2

Wpay,3 (t) Maximum payload weight of the scaled aircraft with scaling 3

Fuel weight of the non-scaled aircraft

Fuel weight of the scaled aircraft with scaling 1

w w ( t) Fuel weight o f the scaled aircraft with scaling 2

w w ( t) Fuel weight of the scaled aircraft with scaling 3

(W /SW (V ft1 Wing loadofthe generally scaled aircraft

kscd^ae». General scaling factor

n general . - Decimal number

Study Work Phase 11
- 5 -



Designations:

A CdO, fiiselage Wdy Cwo- change of the fuselage bôdy due to extension or shortening of the 
fuselage - -

a

(lfuselagêdfuselage)a, b Asjpeet ratio of the fuselage body of the extended of shortened aircraft

(Ifuselage/dfuseiagc) Aspect ratio of the fuselage body without extension or shortening of the 
fuselage

nwheels, main gear Number of wheels of the tiiain gear

Study Work Phase 11
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Designations

R r m a x  (stat miles) range, based on maximum flight time

kR(lb -h/lb)' factor for the range calculation

quotient for the range calculation, based oh maximum 
fhght time

Rmax (stat miles) maximum range

quotient for the range calculation, based on maximum 
range

P / R payload/range

empty weight quotient

Wpay/Wmax payload quotient

SFC (lb/lb • h) specific foel consumption of the engines

W(Ib);(t) weight of the aircrafi, fiying weight

p # T s W ) atmospheric density

wing area

drag coefGcient independent of lift

k (l/%.As)

w max(lb);(t) maximum take-off weight ofthe aircraft

W,ay (lb); (t) weight ofthe payload in the aircraft

Wpud.max (lb); (t) weight of maximum fuel in aircraft

Wp.ly,mm(lb);(t) weight of maximum payload in aircraft

Wh (lb); (t) Operational empty weight of aircraft

h(ft) flight altitude :

Study Work Phase 12
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Designations

b) symbol for short-range transport

Wpuel, b (lb); (t) weight of fuel in aircraft for short-range transport

a) symbol for mediiim-range transport

WFuel,a(lb);(t) weight of fuel in aircraft for medium-range transport

c) symbol for long-fange transport

WFuel,c(lb);(t) weight of fuel in aircraft for long-range transport

R (stat miles) ^Rinax

quotient for range calculation for maximum flight time as 
a function of flight altitude

.....
v p/pi.

(V/(CD/CL))Rmax,h(A/s)

range for maximum flight time 
as a fonction of flight altitude

Rmax,h (stat miles) maximum range as a fonction of flight altitude

P h ( lb s W ) atmospheric density at flight altitude h

KONFPRINZ1A
s s ,s r , c , k "1,,ionof“ * “ ofco“ d

KONFPRINZ1B

M

V2W, velocity ratio o f throttle position

A Gdo; Wave drag Wave drag coefficient percentage o f total coefficient of 
drag independent of lift

GdO, without Wave drag coefficient of drag independent of lift without wave drag

Fmean, 1 Engine (lb) average thrust of one engine

Study Work Phase 12
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Designations

A, (ft1) cross-sectional area o f total erigine airflow inlet

V (ft/s) flight velocity

Pihàx, 1 Engine ( lb ) maximum thrust of one engine

Fjnax, 2 Engines (lh) maximum thrust of two engines

(Co/COopt reciprocal, optimum glide number of the aircraft

Rléss reserves (stat miles) maximum range with maximum payload 
less reserves

Rhoid (stat miles) range due to hold flight time

PTkn, ( I b r s 2/ ^ ) atmospheric density at 7 km flight altitude

y (degrees) angle of climb or ghde

b(A) width of a hold element

Height o fa  hold element

maximum width ofthe cargo container

CPĝ ml ^ configuration principle general

CPI configuration principle 1

CP1.1 scaled configuration principle 1.1

CPI,2

CP 1.3 scaled configuration principle 1.3

CP1.6 scaled configuration principle 1.6

width ofa  hold element 
concerning a configuration principle

Study Work Phase 12
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L I S T  OF  S Y M B O L S  II ( A d d e n d a  ) 

used only in the PhD Thesis
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Studv Work Phase 1

Cd/Cl reciprocal lift/drag ratio

Rmax (km); (stat miles) maximum range

Studv Work Phase 2

b (m); (ft) width of the cargo compartment

Wspçc, aeroplane (t/ffi )y (t/ft ) specific gravity of the aircraft

bs (m); (ft) wing span

bàerbpiane (tû)» (ft) : width of the aircraft’s overall cargo compartment

Ifoselàge (ti1)) (ft) length of the aircraft’s overall fuselage :

scale

Studv Work Phase 3

(WmaxZS)acroplanc (t/m^); (t/ft2) \#ag load ofthe airWafi

bs (m); (ft) horizontal stabihser span

taper ratio or span-chord ratio of the horizontal 
stabiliser

W - (m); (ft) length of the aircraft's overall cargo compartment

haeroplaDC (m); (ft) hight of the aircraft's overall cargo compartment

b_p ,_ (m );(ft) width of the aircraft's overall cargo compartment

Wn=(m);(ft);(in) overall length of the engine

(l/d|)cngmc overafi length of the engine / mean diameter of the 
engine’s overall airflow inlet

d,, engine (m); (ft); (in) mean diameter of the engine’s overall airflow inlet

s, (m"); (ft') cross-sectional area of the engine’s overall airflow 
inlet

m / m reciprocal lift/drag ratio

k a  (m); (ft) moment arm of the horizontal stabiliser

M scale

308



Studv Work Phase 4

M
baeroplanc? haeroplane? laerpplane» Wmax

scale
see Study Work Phase 3

Study Work Phase 5

Study Work Phase 6
. -■ . . ;

GdO, aéroplàne coefficient o f the aircraft’s lift-iridependent drag

âeroplane 1/(71: ♦ As) of the aircraft

(dCL/da)s, aeroplane lift increase of the aircraft’s wing

AGl, flap, aeroplane variation of the aircraft’s overall lift coefficient 
caused by wing flap deflection

AÇd, flap, aerplane variation of the aircraft’s overall drag coefficient 
caused by wing flap deflection

«max, linear (degrees) ™ u m  angle of attack without wing flap 
deflection in the linear zone

lv(m);(fl) depth of the rigid part of the wing

wing flap depth

Aa (degrees) 
h = 1 • sin Act ; l = l i +l 2

variation of angle of attack caused by wing flap deflection

Study Work Phase 7

An/An cross-sectional area of the overall airflow inlet 
ofthe modified engine/ 
cross-sectional area ofthe overall airflow inlet 
ofthe basic engine

main-pass ratio ofthe Turbofan engine

di(m);(A) mean diameter ofthe engine’s overall airflow inlet

maximum take-oll'weight of the aircraft

Vopt (m/s); (ft/s) flight speed vvith Cl, opt on the vring

length of modified engine / length of basic engine

k W X ft) length of modified engine

h (m); (ft) length of basic engine
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dn/dn mean diameter of the overall airflow inlet 
of the modified engine / 
mean diameter of tlié overall airflow inlet 
of the basic engine

(A -i/A i)xurb6jei main-pass ratio of the turbojet engine

(A l/A i)fu rb o p ro p main-pass ratio of the turboprop engine

(A l/A j)p r o p  piston engine maimpass ratio of the propeller piston engine

A, (flz) cross-sectional area of the engine’s main airflow 
inlet ?

A2 (m");(ftz) cross-sectional area of the engine’s bypass airflow 
inlet

d i ,T u r b o je t (m ); ( f t ) mean diameter of the engine’s overall airflow 
inlet with the turbojet engine

d l. Turbofan ( d l ) î  ( f t )

d l,T u r b o p m p (m );( f t )

d,Pmppisto.e.gme(m);(A)

lT « A o j e t (m ) ; ( A ) theoretical length of the turbojet engine

lT m b = 6n(m );(ft) theoretical lengthofthe turbofan engine

iTMboprop (m ); (ft) theoretical length of the turboprop engine

Ip rn p p is to -eo g in e C m );^ ) theoretical length of the propeller piston engine

(l/d)Tuiboprop

(l/d )p ro p  piston engine Assæzar*-*
bs (m); (ft) wing span

b,e,„ph„c (ni);(ft) width of the aircraft’ overall cargo compartment

haeroplane (m); ( f t ) tight of the aircraft’s overall cargo compartment

laeroplane (m)» (ft) m g th b f # # c r a f t^  overaUcargo compartment

Ifusciage (ift)? (ft) length of the aircraft’ overall fuselage

Studv Work Phase 9

C do cdefBbient Of ÜM l i f t - - i n d ë ^ ^

C n i coeflicient of the induced drag

3 10



ACdO, landing gear variation of the aircraft’s lift-independent drag 
coefficient caused by landing gear outside

ACdO, engine variation of the aircraft’s lift-independent drag 
coefficient caused by the engine

(W/S)nux (t/llz) maximum wing load

Wmax (t) maximum take-off weight of the aircraft

Study Work Phàse 8

ACl, flap variation of the overall lift co efficient caused by wing 
flap deflection

ACd, flap variation of the overall drag coefficient caused by 
wing flap deflection

( d C i /d # lift increase of the wing

n (d e # e e s ) dehectiph of the wing flaps

li (m); (ft) depth ofthe rigid part of the wing

I2  (m); (A) wing flap depth

S8„p„m,(mz);(lV) wing area of the flap zone

(#mp relation of the wing flap depth to the span of the wing 
flaps

Snap (m'); (ft2)
'

Cd, flap, PI

ACd, flap, pi

Cl, flap

AC,., flap. P! variation of the overall lift coefflcient caused by wing 
flap deflection with configuration principle 1

W(t);(lb) take-offweight ofthe aircraft

P (kp • s2/m’); (lb • s2/ll4) atmospheric density

a

: - 
ii

CdO, engine gondola lift-independent drag ofthe engine gondola

Cdû, wing lift-independent drag of the wing

ACdo, landing gear variation of the aircraft’s lift-independent drag 
coefficient caused by landing gear outside

3 11



W m a , (t); (lb) maximum take-off weight of the aircraft

W pay (t); (lb) payload weight

h (km) flying hight

'l'om(h) maximum flight time

Studv Work Phase 10 ünd 1 Oa

R (km); (stat miles) maximum range

s reciprocal lift/drag ratio of the aircraft

Rperry (km); (stat miles) maximum range without payload, without reserves

number of engines

PTJ turboprop jet engine

8 : y:?':'-':': correction factor for the wing contour with induced 
drag

Cixi.acroplane.catcgoiyi lift-independent drag of the aircraft with category i

Km); (ft) total length of the engine

RF=™y (km); (stat miles) ferry range

hop, (km); (ft) flight altitude for maximum range

Studv Work Phase 11

Wm« (t); (lb). maximum take-off weight ofthe aircraft

(Wmax/S)mlc (t/m2); (t/ft2) maximum wing load of the generally scaled aircraft

Vo. aeroplane (m ); (ft ) overaft aeroplane volume o f the scaled aircraft

Vo. aeroplane, scale, general (m ); (ft ) overall aeroplane volume of the generally scaled 
aircraft

ho, aéroplane, general (m); (ft) height of the cube of the overall aeroplane volume 
ofthe generally scaled aircraft

(Wnm/S)n (t/m2); (t/li2) " maximum wing load of the scaled aircraft

(W/S)„ (t/m2); (t/ft2) wing load of the scaled aircraft

3 12



Sttidv Work Phase 12

(l/SFC) #  .m g ) ;# f .W & ) reciprocal value of the specific fuel consumption of 
the engine

(V/c) (nVs); (fl/s) flight speed / reciprocal glide number of the aircraft

h (km); (ft) flight altitude

flying hight

Si,ro (km); (ft) ground run distance for take-off

1 .1 ground run distance for landing

3 13
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Concerning study phase 1, page 1 and 2

Flying time and range:

S F C  — W fuei /  ( F  * T )

F = Wnm ' (Cn/Ct)

Wpue/Wmax = SFC'(C^CÜ'T (3)

T = Wpud / (Wmax' SFC ' (Cn/CL))

T = (Wpuel/Wmax) ' (1/SFC) ' (l/(ClV€i,))

Wmax = We + Wpay + Wpuel 

Wpuel — Wmax “ We - Wpay 

WpuelAVmax = 1 - Wp/Wmax - WpayAVmax

T = ( 1 - WgWmax - Wpa/Wmax) ' (1/SFC) ' (l/(Ci)/CL))

T = R /V

R — T V

R  ( 1 - WEWmax - Wpay/Wmax) ' (1/SFC) ' ( 1 / ^ ^ ) )  V (6)

T- =  ( 1 -  (W e/W maxlaeroplane " (W p ^/W mæjaeroplane )  * (l/(SFC)acropîane) " (1 / (C q/ C ^ aeroplane) ( 7 )

R  ~  (  1 -  (WE^WmaxJaeroplane " (W pay/Wmax)acroplane )  * (  1 /(SFC ^oplane) * (  1 / (C]VC^aeroplane) " V  ( 8 )

3 18
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Concerning study phase 2. page 1 and 2

Overall aeroplane hold and cargo space:

Vo =  ho3

ho =  2  • h

ho3 — (2  • h )3 =  8 * h3 

ho3 =  h2 • I =  h3 • (l/h )

l/h  =  l / (h / l )  

li/I =  k

ho3 =  h 3 • (1 /k )

ho3 =  h 2 • I =  h 3 • (l/h ) =  h3 • (1 /k )

ho =  h  - (l/h )" 3 =  h  - ( l / k ) 1/3

h  =  ho • k I/3 =  ho • (h /l) l/3

(h /l)1'3 ■= M i,, 

li/l =  (h/ho)3

l/h  =  (ho/h)3

I =  h  • (ho/h)3 =  ho3/h 2 =  ho • (ho/h)2 

(ho/h)2 =  ((l/h )" 3)2 =  ((1 /k )" 3)2 =  (1 /k )2'3 

I =  ho • ( l /k ) M  =  ho • ( l / ( h / l ) 2/3)

M  =  1/8  

h  =  5

ho =  2  - h  =  10

I =  1 0  • ( l / ( l / 8 ) ) " 3) =  4 0

haeroplane

aeroplane



re. study phase 3. page 2

Wing and horizontal tail:

Laeroplane (p/2) * Vmin * CLmax âeroplane

Lacroplane Wjnax

Winax (p/2) " Vmin * ÇLmax * Saeroplane 

Saeroplane S

max/S)aeroplane (p/2) * Vmin * Climax

As = bs2/S

bs = (As • S)

k = 1 / (tc * As)

As = 1 / (rc • k)

Vq = S r k s / ( S ' C )  

Ss =  V o '(S 'C ) / ] s , s

S s =  b s  * (Cts +  CrS) /2  

b s  -  S s  /  ((Cts +  Crs)/2)

C d  ~ 2  " C do =  C do + k • CLopt 

k * CLopt2 — Cdo 

CLopt -  (Coo/k)172

2
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Fuselage and engine pod:

h o  2  * haeroplane

k  haeroplane/^aeroplane

lacroplanc ^  h o  * ( 1 / k )  ( 1 6 )

Ifusclagcnose 1 » 5  * haeroplane  

Ifusclage tail 2 . 0  * haeroplane

(fuselagenose (fuselagetail 1 - 5  * haeroplane ^  2 . 0  * haeroplane ~  3 . 5  * haeroplane ( 2 7 )

(fuselage (aeroplane 3 . 5  haeroplane *

(engine ~  ( l / d i ) engine ’ d f ,  engine ( 2 8 )

S i  ( 1 / 4 )  * engine ' “J l

d i ,  engine = : ( 4  * S i / 7 l ) 1/2 ( 2 9 )

F = (CD/CL)'Wmax

F = SipVopt"

S i  * P  * V o p t2  =  ( C d / C l )  * W m a x

Si = (CD/CL)'Wmax/(p Vopt') (30)

Laeroplane (p/2) * V0pt * Clopt " S

Laeroplane Wmax

Wmax — (p/2) * V0pt2 * QlopV* S

Vopt2 = 2 ' Wmax/(P' CLopt' S)
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Variable aircraft polar:

C l  = (dCi/da)s • as

A t t f l a p  = sin rj/(li/l2 + COS Tj) • S f la p ,  a r e a / S

A C l ,  iiap (dCiyda)s * Aciflap 

A  C l ,  Hap =  (dCi/da)s * sin r|/(li/l2 >  cos -q) • S g a p ,  a r e a /S  

C l ,  flap C l  A C l ,  flap

C d  =  C d o  +  k  • C l 2

A C ü . f i a p  =  1 , 0  • ( i / b ) f l a p  * S f l a p / S  * |  SUl T | |

C d , flap  =  C d o  +  A C y ,  dap "I* k  • ( C l ,  nap -  A C l ,  flop)

C d , iiap =  C do +  A C d , flap +  k  ‘ ( C i .  +  A C l , flap -  A C l , flap)2

C d , flap C do A C d , flap k  * C l

(C|)/C|.)mm :

C d / C l  ™ 2  • C D o / ( C D o / k ) I /2  

C d / C l  =  (4 • C d o 2/C d o  • k ) 1/2  

C d / C l  =  2 - ( C D o - k ) 1/2 

( C V / Q / L m  :

C d / C l  =  4 • IW (3  • C W k),/2 

C d / C l  =  ( 1 6  - C d o2/(3 • C d o )  • k ) l c  

C d / C l  =  ( 4/ 3 ) '  - • 2  • ( C d o  • k ) 1/2 

( C V / C l J m i n  :

C d / C l  =  (4/3) • C d o /( C d o /(3 • k ) ) ,Z2 

C d / C l  =  ( 1 6 / 9  • C Do2/C d o  3 k ) " 2  

C d / C l  =  (4/3)1/2 • 2  • ( C D o  • k ) 1/2



re. study phase 7. page 3

Engine size:

(Ai/Ai)Turbofen = 0 to 1.0 (44)

(Ai/Ai)Turbbjet = 1.0 (45)

A(l/di)rurbojet " 0.8 (43)

(l/dj)prop piston engine 1*0 (42)

(l/dl)xurboprop 2.1 * (l/dx)pr0p piston engine (41)

(l/dj)xurbofan — (l/di)Turboprop (Al/Ai)Turbofan ’ A(l/di)Turbojet (40)

(l/di)xuibofen 2.1 * (l/d̂ Prop piston engine + (Ai/Ai)xurbofen * A(l/di)xurbojet

(l/dj)xurbojet — (1/di)xurboprop (Ai/Ai)xurbojet ' A(l/d])xurbojet 

(l/dx)xurbojet 2.1 * (l/di)x>rop piston engine 3" (Al/Ax)xurbojet * A(l/di)xurbojet

(l/di)xurbojet (l/dx)xurboprop ̂  A(l/dx)xurbojet (46)

(l/dx)xurbojet 2.1 (Vdx)prop piston engine A(l/dx)xurbojet

F(|̂ ) = (CD/CL) Wmax (49)

F(ievel) ~ Ax * p * V0pt

Ax ‘ p • Vopt2 — (Cd/Cl) * Wmax

Ai = (CD/Cx)'Wmax/(P ' Vô ) (48)

Ax = (1/4) • dx2 • n

dx = (4'Ai&)^ (47)

1 = (1/dx) • dx (50)
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Engine parameter:

A i  =  À 1  +  À 2  

A i  —  A i  -  A %

A 1 / A 1  = ( A i  -  A2)/(Ai + A 2 )

A 1 / A 1  = ( A i - A2)/(Ai • (1 + A2/Ai))

A 1 / A 1  = ( A i  -  A2)/Ai / (1 + A2/Ai)

A 1 / A 1  =  1 /(1  +  A 2/ A i )  ( 5 1 )

A 2 — A i -  A i

Ai • V  =  A i  • V i  +  A 2 • V 2 

A ï  = Ai * (V i / V )  + A 2 * ( V 2/ V )

A i  =  A ,  * ( V i / V )  +  ( A i  -  A O ;  ( V 2/ V )

A1/A1 = (ViAQ + ((Ai - AO/Ai) ' (V2/V)

A1/A1 = (Vi/V) + ((Ai/AO - 1) ' (V2/V)

A1/A1 = (Vi/V) + (A1/A1) - (V2/V) - (V2/V)

Ai/Ai-(Ai/AO\(V2/V) = (Vi/V)-(V2/V)

(Ai/AO - (1 - (V2/V)) = (Vi/V) - (V2/V)

(A1/A1) = ((Vi/V) - (V2/V))/(l - (V2/V))

(A1/A1) = (1 - (V2/V))/((Vi/V) - (V2/V))

(A1/A1) = (1 - (V2/V))/((ViÂ 2) - 1) ' (V2AO)

(A1/A1) = (V2/V) ' ((V/V2) - l)/((Vi/V2) - 1) - (V2/V))

(A1/A1) = ((VÂ 2) - l)/((Vi/V2) - 1)

V/V2 = k 

Vi/V 2 = A2/Ai

Ai/& = (k- 1)/(A2/Ai - 1) (52)
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Engine outer dimension ratios :

1, =  V ,2/(2 • a,) 

l2 -  Vi K2 ' a,) 

du = (4 • An/it)1”  

dn = (4 - Ac/it) 10

= V22/(2 • a2)/(V,2/(2 • a,)) 

l2/li — (V2/Vi)2 * (ai/a2) 

dn/du = (4 - Ac M)‘c /(4 • A» # " 2

d c /d n  — ( A i2/ A ii ) 1/2 

12 = (V2A/1)2 • (a,/a2) -1, 

dç = (Ai2/Aii)ic dn

l2/di2 -  (V2/V,)' - (a,/a2) • 1,/((Ac/Aii)"2 - d„) 

h/de =  (V2/V,)2/(Ai2/AIi)i/2 • (a,/a2) - (l,/d„)



re. study phase 9. page 2

Runway length:

F/W = constant = 0.2 

h -  F/m = F/(W/g) = (F/W) * g 

Cl, t o  = lift coefficient at take-off 

W = L

L = C l ,  t o  ‘ p/2 * V t o 2  * S 

W = Cl, t o  * p/2 ' V t o 2 * S 

W/S = C l ,  t o  * p/2 ' V t o 2 

V T O  = ((2/p) (W/S) ' ( 1/C L ,T 0) ) ^  

h  =  V T o 2/ ( 2 ' b )

reciprocal force load

wing load of the aircraft
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mation zero drag and induced drag:

figuration principle 1:

raffle, PI — 0.006

iterfermcê  PI 0.25 7 Cn piffle, PI — 0.0015

wing, PI Cd profile, PI + Cd interference, PI 

fuselage, PI — wing, PI

PI — CdO, fuselage, PI ÔO,wing, PI — 2 * Odq, wing, PI

PI — 2 * (Cd profile, PI Cd interference. P i)  (01)

,P1 =  2 * Cd profile, PI * (1 +0.25) — 2 * 1.25 • Cd profile, PI

pi = 2.5 * Cd profile* pi — 2.5 • 0.006 = 0.015

figuration principle 2: 

pi — 0.015

) profile, p i = 0.004 profile roughness

S = 0.5

) interference, P2 “  ACd profile, PI * (AS/S) = 0.004 * 0.5 — 0.002 (03)

,P2 “  Cdû,P1 + ACd interference, P2 = 0.015 + 0.002 = 0.017 (62)

figuration principle 4: 

pi — 0.015

,P1 = 2 * Coo,wing,PI 

,wing,Pl = 0.5 ; CDO,PI 

,P4 — Coo, PI + Coo, wing, PI

,P4 =  CDO, pi +  0.5 * CDO, pi — CDO, pi * (1 +  0.5) =  1.5 * C d o ,p i (64)

,P4 = 1.5 • 0.015 = 0.0225
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atiori zero drag arid induced drag:

duration principle 5 :  

i =  0 . 0 1 5

lie, PI — 0 .0 0 6

levator/S  =  0 . 3 8 7 5

rferencc, PI — 0 .2 5  C d  profile, PI “  0 .0 0 1 5

îar elevator =  ( C d  profile, PI "^ ( 1 /2 )  '  C d  interference. P i) ’ (S  rear elevato/S) ( 6 0 )

îarelevator =  ( 0 .0 0 6  +  0 .5  • 0 .0 0 1 5 )  * 0 .3 8 7 5  =  0 .0 0 2 6

5 =  C d 0 , P 1  -  A C d  rear elevator == 0 .0 1 5  -  0 .0 0 2 6  =  0 .0 1 2 4  ( 6 5 )

: 1/(tc  * As) (67)

=  C do, pi +  k p i • C l , p i2 ( 7 1 )

i =  C l 2,p4 =  ( 1 /2 )  * C l , pi 

=  C l i ,P4 +  C l2,P4

=  C do,P4 +  k p i * C l i ,P42 +  k p i * C l2,P42

= CD0,P4 + kpi ((l/2) CL,Piy + ^  ' ((l/2) C^Pi)'

=  C d o , P 4  +  2  * k p i  ♦ ( 1 / 4 )  * C l ,  p i 2  =  C d o , p 4  +  ( 1 / 2 )  * k p i  * C l , p i 2

=  C L,P4 *

= (1/2) - km (68)

— C do, p4 +  kp4 * C l , p42 ( 7 3 )
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Flying performance:

L = Cl - (p/2)-V 2 -S 

L = W ;

W = CL • (p/2) • V2 • S

Cl — (Cui]/k)I/2 -  Cl, opt •

W -  ((W k),/2 • (p/2) • V2 • S 

V2 = W/(CDo/k)1/2 • (2/p) • (1/S)

V -  (2 • W/(|> • S)/(C,x)/k)l,2)l/2 -  VTm„,

S  =  2  • (CdO ' k ) IC =  Sxmax . 1 .

V = (2 • W/(p • S))1Z2/(CDo/k)1/4

V/8 = (2 • W/(p • S))1/2/((CD0/k)1/4 • 2 • (Cdo • k)lc)

V/6 = (2 • W/(p • S))1/2/((Cfxi/k)l/4 • 2 • ((Cdo ' k)2)1/4)

V/8 =  (2 • W/(p • S))1/2/(((Cdô )  • (CD02 ' k2))1/4 -2)

V/8 = (2 • W/(p • S))lc/(2 • (Cdo3 ‘ k),M) = (V/8)Tmax (78)

Cl. -  (<W(3 • k))'" -  CL,Rmax 

W -  ( C d o /(3 • k))1/2 • (p/2) • V2 • S 

V2 = W / ( C Do/(3 •k))lc • (2/p) • (1/S)

V = (2 • W/(p - S ) / ( C d o /(3 • k))1/2)1/2 = V r ^

e = (4/3)lc • 2 • (Cdo • k),/2. = eRo.ax 3.

V = (2- W/(p • S ) ) ,/2/ ( C d o /(3 • k))'"

v/8 = (2 - W /(p. S))i/2/((Cdo/(3 • k))1/4 • (4/3)1Z2 • 2 • (CDo • k),Z2)

V/8 = (2 • W/(p - S ) ) ,z2/ ( ( C d o /(3 • k))l/4 • (4/3),/2 • 2 • ((CD0 * k)2)‘/4)

V/8 = (2 • W/(p • S ) ) 1Z2/ ( ( ( C d o /(3 • k)) • ( C d o 2 • k2))1/4 • (4/3),Z2 • 2)

V/8 = (2 • W/(p • S)),/2/((4/3)IZ2 • 2 • ((1/3) • (Cdo3 ' k))1'4) = (V/e)Rmax (79)
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Flying performance:

R  =  ( 1 - W E W m a x - W r a y ^ ^  ( 6 )

V (km/h) 

kR =

R r m a x  = kR ♦ ( V / 6 ) T m ax * 3.6 (76)

R m a x  =  kR ( V / e ) R m a x ' 3 . 6  ( 7 7 )

V (m/s)

Rmax/Rrmax (V/£)Rmax/(V/s)Tmax

(2 • W/(p • S))1/2/((4/3)1/2- 2 • ((1/3) • (CD03 • k))1/4)
(V /E )R m„ /( V /s ) T m «  = ---------— --------------- ------------------- -------- ---------- -------------------------

(2 • W/(p • S)) /(2 • (CD03 ' k) )

(2 • W/(p • S)) /((4/3) • (1 /3)'' • 2 • (Cdo • k )" )
(V/8)Rniax/(V/6)Tmax " —" ' ! ' “ ' * 1 “

( 2  • W /(p • S ) )  / ( 2  • (Cdo3 ' k )  )

(V /r.),,m3X/(V/8>rm ,, -  l / ( ( 4 /3 ) 'Z2 • ( l / 3 ) l/4)

=  1 / ( (  16 / 9 ) ' /4 • (1 /3 ) '" )

( V / s W / t V / e ^ m a x  =  l / ( 1 6 / 2 7 ) ,/4  =

( V / iOr^ V / e W  -  ( 2 7 / 1 6 ) 1/4 

( V / c ) Rmx -  ( 2 7 / 1 6 ) l/4 • (V /! ; ) t „„x

Rmax/Rrmax =  ( 2 7 / 1 6 ) 1Z4 ( 8 0 )
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re. study phase 8. page 3 

Flying performance:

(81)

(82)

Maximum range :

Cd — kRmax * Cl

Cd =  Cdo + kpi * Cl2

C n =  (4 /3 )  CDo

(4/3) • Cdo =  Cdo +  kpi * C l2

kpi ' C l2 = (4/3) * Cdo - Cdo =  (1/3) * Cdo

Cd = 4 * kpi * Cl2

kRmax * C l2 = 4 * kpi • C l2

k R m a x  — 4 • k p i

(83)

(84)

Maximum flying time:

Cd — kxmax ’ Cl2

Cd — Cdo + kpi * Cl2 

Cd =  2 * Cdo

Cdo — kpi * Cl2

Co = 2 'k p rC L 2

kxmax * Cl2 — 2 * kpi * Cl2

kxmax — 2 * kpi
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Zero drag for fuselage body, engine gondola and landing gear:

Cdo = 1/(1 + a • (1/d)) assumption

1 + a * (1/d) = 1/C d q  

a = ( l /C n o - l) /# )

C do = 0.16 ; 1/d = 1 data for a sphere

a -  (1/0.16-1)/1 = 5.25

1/d = 1

C do  = 1/(1 + 5.25 • 1) = 0.16 sphere

1/d = 0

C do = 1/(1 + 5.25 * 0) = 1 circular plate

1 /d  =  o o

C d o  -  1/(1 + 5.25 • oo) = 0 long rod

C d o , fuselage body 1/(1 +  â  * ( l /d ) fo s e la g e )  ( ^ 5 )

C d o ,  engine gondola —' 1/(1 a * (1/d)engine gondola) (^6)

a = 5.25 (87)

A C d O, landing gear C d o ,  PI • ( 8 9 )

C d O, PI, landing gear outside C d o , PI A Ç d O, landing gear 2 * C d o , PI 0.03 

C d O, P4, landing gear outside —  C d o ,P 4 ^ ~  2  * A C d o , landing gear 

A C d O, P4, landing gear — 2  * A C d O, landing gear

C d o , P4, landing gear outside “  CdO,P4 +  2 * CdO,P1 = 0.0225 +  0.03 =  0.0525
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Ranges with maximum payload:

W = Wmax

(V/e)Rm=x = (2 • W„m/(p - S))I/2/((4/3)ia • 2 • ((1/3) • (Cm,3 • k))I/4) (95)

(V/,:)rmnx -  (2 • W„,„x/(p • S))IZ2/(2 • (Cm,3 • k)l/') (96)

kR ”  (1 - W,/Wmax-Wpas/w max) /s r c  (97)

T = (1 - W,./Wmax - Wtoy/WmO • (1/SFC) • (1/(C,,/C, )) (5)

Wpud/Wmax Î - W£/Wmax - Wpay/Wmax

WF„ei/Wm„  = SFC • (CrVC,,) • T (3)

e = (Cd/Cl)

(Wpuc,AVm«)hoid = e ■ SFC • Ti,o,d (99)

Ei,om =  (Wpud/Wm^hoid/SFC • ( V /e W  • 3.6 (98)

Rmax “ kR • (V/i:k„m • 3.6 • • R (91)

Rless reserves = R - AR r Rhold = R ~ Rhold " AR (92)

Rtukix -  ku • (V/E) t e  • 3.6 -  R • (16/27)'" (93)

R r m a x .to ^  -  (R - Rii.dd) ' (16/27)'" - AR (94)
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Ferry ranges:

(V/s)Rmax,Feny = (V̂ Rmax (104)

(V/e)Tmax, Ferry == (V/e)Tmax (105)

kR,Feny = (1 - Wi/Wmax -Wp^Ferr/WmaxVSFC (108)

W pay, Ferry — 0

kR,Feny = (1 - WE/Wm«x)/SFC (106)

Wmax = W (107)

Tfeny =  (1 - W ^ m ax- W ^Fsr^m ax) ' (1/SFC) ' (l/OCo/Cl)) (5a)

(Wpuel/Wmax)Ferry "  1 - Wg/Wmax " Wpay, Ferry/Wmax

(WFod/Wma^Feny = SFC ' (Cn/Cl,) 'Tperry (3a)

e =  (C d/C l)

(WFuel/Wmax)boM =  G ' SFC ' Twd (99)

Rhold — (WFuel/Wmax)hold/SFG * (V/8)Rmax,Ferry * 3.6

Rmax,Ferry k̂ Ferry * (V/s)Rniax, Ferry * 3.6 Rperry (100)

Fless reserves. Ferry — FFerry “ AR ~ Rjiold RFeny ~ Rhold *" AR (101)

Rxmax,Ferry ~  k ^ Ferry * (V /s )T m a x ,Ferry * 3.6 =  Rrerry * (16/27)1M (102)

RTmax, less reserves. Ferry = (Rperry " Rjiold) * (16/27)1/4 - AR (103)
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Zero drag for different aircraft categories:

F  =  A r  p ;  V2 

F  =  W m a x * e

Wmax — L

L  =  ( C i x / k ) ' *  ( p / 2 ) ; V ^ s  

e  =  2 ' ( C D o / k ) ^

Ai 'p  V  ̂ = Wmax ' G

A ,' P 'V : =  (Coo/k)'* ' (p/2) ' V  - S '2  :(C D o'k)^

Ai =  (Cnc/k)^ ' (CDo ' k )^  - S

A i =  (Cdq2) 1/2 * S =  Cdo * S

Cdo ^  A i/S  (1 0 9 )

A i  Dengine * A% n

Cdo =  Dengine ' A i,n/S  (110a)

Ai =  3 ' A i 3

Cm) = 3 Ai , 3 /S  (111a)

A i  — pengine * 3 " A i  3 g

Cdo -  Hengine * 3 * Ai, 3,0/8 ( 112a)

Ai = (V2/V1) * Aijv2/vi

Cdo — (V2W 1) • Ai^vi/vi/S (113a)

A i  =  Dengine ' ( V 2 / V ] )  * A i >V2A^l,n

Cdo = nengine * (Xi/Y 1) * A^vaA^iVS (H 4a)

Ai =  (V2/V1) * (An/Ao) * A12, V27V1

Cdo — (V2AA1) * (An/An) * Ai2,v2/vi/S (115a)

A i  =  Dengine * ( V 2 / V 1) * ( A n / A n )  ' A i2,V 2Z V l,n

Cdo — Dengine * (V2AZ1)  * (A11/A12) * A l2 ,V 2A ^ I,n /S  (116a)

3 35!



re. study phase 11. page 3

Scaling the configurations:

Wmax/Wspec — Vo, aeroplane

Vo, aeroplane “ ho, aeroplane (121)

ho, aeroplane — WniaxAWspec

ilO,aeroplane -  (Wnm/Ŵ )'" (122)

(Wmax/Wspec) * n — V0, aeroplane, scale

V o, aeroplane, scale — ho, aeroplane, n (123)

ho, aeroplane, n (V/max/Wspec) * H

0̂,aeroplane,n = (Wma,AVspec)‘/3 •ft1'3 (124)

kscale “ lV/3 (125)

(Wmax/̂ Vspec) * ĝeneral Vo, aeroplane, scale, general

V0,aeroplane, scale, general ho, aeroplane, general (127)
3

ho, aeroplane, genral (̂ Vmax/V̂spec) * rigcneral

ho, aeroplane, general — (Wmax/Wspec) * ngeneral (128)

kscale, general — ĝeneral (129)

kscale = f(Wmax, scale) = f(Wmax*n) '(131)

kscale, general f (V̂max, scale) f (̂ Vmax * Hgeneral) (132)
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Scaling the configurations:

S -  c  - bs

Sn C * kgcale * b g  * kscale

S n — (C  * b g )  * k sc a le  —  S '*  k sca le

W S  =  Wmax/S

( W max / S ) n  =  n  * W m a x /S n  

( W ma x / S ) n ^  n  ‘ W m a x / ( S  * k sca le2 )

(Wwrn/S)» =  (Wmax/S) - (n&scale2)

k sc a le  =  H 1/3

(D is c a le 2)  =  n / n ^  =  n ^

(Wmax/S)n =  (Wmax/S) ' =  (Wmax/S) "kscale (133)

(W /S)n =  (W /S) " kscale

( W m a x /S ) s c a le  =  ( W m a x / S )  * Ilgcneral — ( W m a x / S )  * k s c a le , general ( 1 3 4 )
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Ranges and flying height:

R  =  (1-WEWmax - Wp«y/Wmax) ' ( 1/SFC) ' (1/(CD/CL)) ' V

C d / C l  — 8

(l/(Cb/CL)) ' V -  V/G

R  = (1 - Wg/Wmax - Wpay/Wmax) ' (1/SFC) ' (V/e)

Rrrn  ̂ =  (1 - W E W m a x  - W p a y /W m a x ) '  (1/SFC) ' (V /G ^ m a x  ' 3 .6  

^max = (1 - Wg/Wmax - Wpa/Wmax) ' (1/SFC) ' (V/G^ax ' 3.6

V (m/s)

V  =  (2 • W maxZ(p • S ) ) 1C

v  = f(h) = (2 • W max/CPh • S)),/2 = (2 ■ w max/(p • S ) ) 1/2 • ( p / p h) 1/2 

(V /6 )T m a x ,h  =  f  (h) =  ( V / 8 ) Tmax • ( p / p h ) ’"

(V/8)iUrax,h = f  (h) = (V/e)Rmax " (p/Ph)1"

Zero drag and wave drag:

A C do, wave drag ~  (M - 0.8) * 40 * C do , without wave drag

M = 0.8

A C do , wave drag (0.8 - 0.8) * 40 * C do, without wave drag — 0

M = 1.0

A C do,  wave drag . (1-0 “ 0.8) 40 C do , without wave drag 8  * C do, without wave

C d O — C do, without wave drag A C do, wave drag

C do  “  C do , without wave drag (M -  0.8) * 40 * C do , without wave drag

C do ~  C do, withoutAvave drag * ( 1  ( M  -  0.8) * 40)



re. study phase 12. page 3

Mean and maximum thrust:

F = Ai* p * V* (Vj-Vi)

Vj =  2;Vi ;

Vi = V

F -  Ai * p * V * (2 • Vi - Vi) = Ai * p * V * V

Fmean, 1 engine *“ Ai * p * V

Vj = 3V i

Vi = V

F = Ai * p * V * (3  * Vi - V i )  = A i  * p * V * (2 • V)

Fmax, 1 engine Ai * P * V * 2 2* Fmean, 1 engine

F = 2* Arp* V2* 2 = 4*Ai*P*V2

F mean, 1 engine Fmean, 2 engines

Fmax, 2 engines 4 * F mean, 1 engine — 4 Fmean, 2 engines

Cdoi — Ai/S 

Cd02 — 4 ' Ai/S

ACdo =  Cdo2 - Cdoi — 4 * Ai/S - Ai/S = 3 * (Ai/S)

Cdo, without wave drag —' Ai/S

ACpO, wave drag ~ 3 * (Ai/S) — 3 * Cdo, without wave drag

3 39



re. study phase 13, page 1 and 2

= (97)

WEWmax = 0.5 

SFC = 0.8 '

WnvAyüax = 0.25
kR = (1 - 0.5 - 0.25)/0.8 = 0.3125 M  * h/lb Medium range transport

W p a y / W m a x  =  0 . 3 7 5

kR = (1 - 0.5 - 0.375)/0.8 = 0.15625 Ibf-h/lb Short range transport 

Wpa/Wmax = 0.125
kR = (1 - 0.5 - 0.125)/0.8 = 0.46875 M  • h/lb Long range transport 

Wpay/Wmax = 0

kR =  (1 - 0.5 - 0)/0.8 = 0.625 Ibf • h/lb Ferry flight

Rma,/R.T„,ax -  (27/16)"' (80)

Rmax -  (27/16)'" Rrma, -  1.13975 • RTma, (148)

Rmax,M.R.T. = 1.13975 * Rrmax,M.R.T.

Rmax,S.R.T. =  L13975 * Rxmax, S.R.T.

Rmax, L.R.T. = 1.13975 * Rxmax,L.R.T.

Rmax,F.Fl. = 1.13975 * Rxmax, F.F1.
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Programm e / Programs: 
CW02TAB 
CW02TAB2 
CW02TAB4 
CW02TAB5

KONFPRINZ1
KONFPRINZ1A
KONFPRINZ1B
ROLLSTRECKE
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Two photos of a more exact Configuration 1
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