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Prolog
Aerodynamik ist ein hochkomplexes Fach, das man aus gutem Grunde als Fach an
den technischen Universitäten findet. Das vorliegende Skript kratzt hier nur
an der Oberfläche. Es wird nur erklärt, was zu wiessen für den sicheren
Betrieb von Luftfahrzeugen notwendig ist.

Die Atmosphäre
Zusammensetzung und Aufbau
ICAO-Standardatmosphäre
Atmosphärischer Druck

Umströmung eines Körpers,
Unterschallbereich
Luftwiderstand und Luftdichte
Grenzschicht

Reibungskräfte
Laminare und turbulente Strömung
Bernoulliesche Gleichung – Venturi-Effekt
Entscheidend für das Verständnis des Auftriebs ist es, den Venturi-Effekt
zu kennen und zu verstehen.
Betrachten wir zunächst ein Stück Schlauch. Pumpt man nun in diesen Schlauch
an einem Ende eine bestimmte Menge Flüssigkeit (oder Gas) pro Zeiteinheit
hinein, so wird an dessen anderem Ende die selbe Menge in der selben Zeit
wieder hinausbefördert. Soweit ist die Betrachtung trivial. Verjüngt man nun
den Schlauch zwischen den beiden Enden, so macht man die selbe Beobachtung.
Was bdeutet dies nun für die Stelle, an der der Schlauch dünner wird? Hier
muss pro Zeiteinheit mehr Flüssigkeit hindurch. Das führt dazu, dass sich die
Stömungegeschwindigtkeit der Flüssigkeit erhöht und damit gleichzeitig ihr
Druck abnimmt.

Bernoulli formulierte die zugehörige Gleichung, die besagt, dass bei einem
strömenden Fluid der Druck abnimmt, wenn die Geschwindigkeit zunimmt.

Umströmung eines zweidimensionalen
Flügelprofils
Umströmung einer ebenen Platte

Umströmung eines gekrümmten Flügelprofils
Beschreibung des Tragflügelquerschnitts
Auftrieb und Widerstand
Beziehung zwischen Auftriebsbeiwert (Cl),
Widerstandsbeiwert (Cd) und
Anstellwinkel

Dreidimensionale Umströmung eines
Tragflügels
Tragflügelprofile und Flügelformen
Bei der Formgebung einer Tragfläche wird das Prinzip aus dem Venturi-Effekt
aufgegriffen. Sie wird so geformt, dass Luft, die von vorne gegen die
Tragfläche strömt, über die Oberseite der Tragfläche einen längeren Weg hat,
als über die Unterseite. Nun passiert das selbe, wie in der Versuchsanordnung
von oben. Die Luft, die über die Tragfläche strömt wird beschleunigt. Diese
Beschlunigung sorgt für einen Unterdruck auf der Oberseite der Tragfläche.
Die Tragfläche wird also nach oben gesogen.

Induzierter Widerstand
Abwindwinkel (downwash angle),
Wirbelwiderstand, Bodeneffekt
Flügelstreckung
Schädlicher (Flügelprofil-)widerstand

Formwiderstand, Reibungswiderstand und
Interferenzwiderstand
Verhältnis Auftrieb/Widerstand

Kräfteverteilung am Flugzeug
Gleichgewicht und Kräftepaare
Während des Fluges wirken vier Kräfte auf das Flugzeug: Der Auftrieb, die
Schwerkraft, der Widerstand und der Schub. Im unbeschleunigten Horizontalflug
sind diese Kräfte alle gleichgroß. Der Schwerkraft unterliegen alle Körper
auf der Erde, der Widerstand entsteht durch das Bewegen eines Körpers durch
die Luft, diese beiden Komponenten sind uns also durch die Natur vorgegeben.
Schub und Auftrieb werden künstlich erzeugt. Den Schub erzeugt der Motor
mittels seines Propellers, den Auftrieb erzeugen die Tragflächen aufgrund
ihrer Form.
Auftrieb
Schub

Flugzeug

Widerstand

Schwerkraft

Auftrieb und Masse
Schub und Luftwiderstand
Kräftewirkungen in gleichförmigen Flugzuständen
(Horizontal-, Steig-, Gleit- und Kurvenflug)

Steuerungsanlagen
Die drei Hauptachsen
Nicken um die Querachse
Rollen um die Längsachse
Gieren um die Hochachse

Wirkung des Höhen- und Seitenruders und der
Querruder
Steuerung bei Nick-, Roll- und Gierbewegungen
Zusammenhang von Rollen und Gieren (z.B.
Seitengleitflug, Seitenwindsteuertechnik für
die Landung)
Aerodynamischer Ausgleich und Masseausgleich
von Steuerflächen

Trimmsteuerung
Trimmruder, Ausgleichsruder und
Gegenausgleichsruder
Aufgabe und Funktionsprinzip
Bedienung

Landeklappen und Vorflügel
Wölbungs-, Spreiz-, Spalt-, Zap- und FowlerKlappen
Wölbungsklappe

Spreizklappe

Spaltklappe

Zapklappe

Fowlerklappe

Aufgabe und Funktionsprinzip
Betrieblicher Einsatz
Vorflügel, Klappen an der Flügelvorderkante
Aufgabe und Funktionsprinzip
Normaler/automatischer Betrieb

Strömungsabriss
Kritischer Anstellwinkel
Störung der glatten Anströmung
Verringerung des Auftriebs, Erhöhung des
Luftwiderstandes
Verschiebung des Druckpunktes
Anzeichen für beginnenden Strömungsabriss
Flugzeugeigenschaften bei Strömungsabriss
Einflussgrößen für die Abreißgeschwindigkeit
und das Verhalten des Flugzeugs bei
Strömungsabriss
Strömungsabriss bei Horizontal-, Steig-, Sinkund Kurvenflug
Möglichkeiten von Überziehwarnungen und
Überziehwarnanlagen

Beenden des überzogenen Flugzustandes

Vermeiden von Trudeln
Strömungsabriss an den Flügelspitzen
Entstehung einer Rollbewegung
Erkennen von beginnendem Trudeln
Ausleiten des Trudelns

Stabilität
Begriffsbestimmungen der statischen und
dynamischen Stabilität
Längsstabilität
Einfluss der Schwerpunktlage auf die Steuerung
bei Bewegung um die Querachse
Quer- und Richtungsstabilität
Beziehung zwischen Quer- und
Richtungsstabilität

Lastvielfaches und Abfangmanöver
Festigkeitsüberlegungen
V-n-Diagramm einschließlich Böen
Belastungsgrenzen, mit und ohne Landeklappen
Veränderung des Lastvielfachen im Kurvenflug
und beim Hochziehen
Höchstzulässige Geschwindigkeit für vollen

Ruderausschlag
Vorsichtsmaßnahmen während des Fluges

Belastungen am Boden
Seitliche Belastungen auf das Fahrwerk
Landung
Rollen, Vorsichtsmaßnahmen bei
Richtungsänderungen
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Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing it is not allowed.

0. PREAMBLE
The purpose of this License is to make a manual, textbook, or other
functional and useful document “free” in the sense of freedom: to assure
everyone the effective freedom to copy and redistribute it, with or without
modifying it, either commercially or noncommercially. Secondarily, this
License preserves for the author and publisher a way to get credit for their
work, while not being considered responsible for modifications made by
others.
This License is a kind of “copyleft”, which means that derivative works of
the document must themselves be free in the same sense. It complements the
GNU General Public License, which is a copyleft license designed for free
software.
We have designed this License in order to use it for manuals for free
software, because free software needs free documentation: a free program
should come with manuals providing the same freedoms that the software does.
But this License is not limited to software manuals; it can be used for any

textual work, regardless of subject matter or whether it is published as a
printed book. We recommend this License principally for works whose purpose
is instruction or reference.

1. APPLICABILITY AND DEFINITIONS
This License applies to any manual or other work, in any medium, that
contains a notice placed by the copyright holder saying it can be distributed
under the terms of this License. Such a notice grants a world-wide, royaltyfree license, unlimited in duration, to use that work under the conditions
stated herein. The “Document”, below, refers to any such manual or work. Any
member of the public is a licensee, and is addressed as “you”. You accept the
license if you copy, modify or distribute the work in a way requiring
permission under copyright law.
A “Modified Version” of the Document means any work containing the Document
or a portion of it, either copied verbatim, or with modifications and/or
translated into another language.
A “Secondary Section” is a named appendix or a front-matter section of the
Document that deals exclusively with the relationship of the publishers or
authors of the Document to the Document’s overall subject (or to related
matters) and contains nothing that could fall directly within that overall
subject. (Thus, if the Document is in part a textbook of mathematics, a
Secondary Section may not explain any mathematics.) The relationship could be
a matter of historical connection with the subject or with related matters,
or of legal, commercial, philosophical, ethical or political position
regarding them.
The “Invariant Sections” are certain Secondary Sections whose titles are
designated, as being those of Invariant Sections, in the notice that says
that the Document is released under this License. If a section does not fit
the above definition of Secondary then it is not allowed to be designated as
Invariant. The Document may contain zero Invariant Sections. If the Document
does not identify any Invariant Sections then there are none.
The “Cover Texts” are certain short passages of text that are listed, as
Front-Cover Texts or Back-Cover Texts, in the notice that says that the
Document is released under this License. A Front-Cover Text may be at most 5
words, and a Back-Cover Text may be at most 25 words.

A “Transparent” copy of the Document means a machine-readable copy,
represented in a format whose specification is available to the general
public, that is suitable for revising the document straightforwardly with
generic text editors or (for images composed of pixels) generic paint
programs or (for drawings) some widely available drawing editor, and that is
suitable for input to text formatters or for automatic translation to a
variety of formats suitable for input to text formatters. A copy made in an
otherwise Transparent file format whose markup, or absence of markup, has
been arranged to thwart or discourage subsequent modification by readers is
not Transparent. An image format is not Transparent if used for any
substantial amount of text. A copy that is not “Transparent” is called
“Opaque”.
Examples of suitable formats for Transparent copies include plain ASCII
without markup, Texinfo input format, LaTeX input format, SGML or XML using a
publicly available DTD, and standard-conforming simple HTML, PostScript or
PDF designed for human modification. Examples of transparent image formats
include PNG, XCF and JPG. Opaque formats include proprietary formats that can
be read and edited only by proprietary word processors, SGML or XML for which
the DTD and/or processing tools are not generally available, and the machinegenerated HTML, PostScript or PDF produced by some word processors for output
purposes only.
The “Title Page” means, for a printed book, the title page itself, plus such
following pages as are needed to hold, legibly, the material this License
requires to appear in the title page. For works in formats which do not have
any title page as such, “Title Page” means the text near the most prominent
appearance of the work’s title, preceding the beginning of the body of the
text.
The “publisher” means any person or entity that distributes copies of the
Document to the public.
A section “Entitled XYZ” means a named subunit of the Document whose title
either is precisely XYZ or contains XYZ in parentheses following text that
translates XYZ in another language. (Here XYZ stands for a specific section
name

mentioned

below,

such

as

“Acknowledgements”,

“Dedications”,

“Endorsements”, or “History”.) To “Preserve the Title” of such a section when
you modify the Document means that it remains a section “Entitled XYZ”

according to this definition.
The Document may include Warranty Disclaimers next to the notice which states
that this License applies to the Document. These Warranty Disclaimers are
considered to be included by reference in this License, but only as regards
disclaiming warranties: any other implication that these Warranty Disclaimers
may have is void and has no effect on the meaning of this License.

2. VERBATIM COPYING
You may copy and distribute the Document in any medium, either commercially
or noncommercially, provided that this License, the copyright notices, and
the license notice saying this License applies to the Document are reproduced
in all copies, and that you add no other conditions whatsoever to those of
this License. You may not use technical measures to obstruct or control the
reading or further copying of the copies you make or distribute. However, you
may accept compensation in exchange for copies. If you distribute a large
enough number of copies you must also follow the conditions in section 3.
You may also lend copies, under the same conditions stated above, and you may
publicly display copies.

3. COPYING IN QUANTITY
If you publish printed copies (or copies in media that commonly have printed
covers) of the Document, numbering more than 100, and the Document’s license
notice requires Cover Texts, you must enclose the copies in covers that
carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the
front cover, and Back-Cover Texts on the back cover. Both covers must also
clearly and legibly identify you as the publisher of these copies. The front
cover must present the full title with all words of the title equally
prominent and visible. You may add other material on the covers in addition.
Copying with changes limited to the covers, as long as they preserve the
title of the Document and satisfy these conditions, can be treated as
verbatim copying in other respects.
If the required texts for either cover are too voluminous to fit legibly, you
should put the first ones listed (as many as fit reasonably) on the actual
cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more
than 100, you must either include a machine-readable Transparent copy along
with each Opaque copy, or state in or with each Opaque copy a computernetwork location from which the general network-using public has access to
download using public-standard network protocols a complete Transparent copy
of the Document, free of added material. If you use the latter option, you
must take reasonably prudent steps, when you begin distribution of Opaque
copies in quantity, to ensure that this Transparent copy will remain thus
accessible at the stated location until at least one year after the last time
you distribute an Opaque copy (directly or through your agents or retailers)
of that edition to the public.
It is requested, but not required, that you contact the authors of the
Document well before redistributing any large number of copies, to give them
a chance to provide you with an updated version of the Document.

4. MODIFICATIONS
You may copy and distribute a Modified Version of the Document under the
conditions of sections 2 and 3 above, provided that you release the Modified
Version under precisely this License, with the Modified Version filling the
role of the Document, thus licensing distribution and modification of the
Modified Version to whoever possesses a copy of it. In addition, you must do
these things in the Modified Version:
A. Use in the Title Page (and on the covers, if any) a title distinct from
that of the Document, and from those of previous versions (which should, if
there were any, be listed in the History section of the Document). You may
use the same title as a previous version if the original publisher of that
version gives permission.
B. List on the Title Page, as authors, one or more persons or entities
responsible for authorship of the modifications in the Modified Version,
together with at least five of the principal authors of the Document (all
of its principal authors, if it has fewer than five), unless they release
you from this requirement.
C. State on the Title page the name of the publisher of the Modified
Version, as the publisher.
D. Preserve all the copyright notices of the Document.
E. Add an appropriate copyright notice for your modifications adjacent to

the other copyright notices.
F. Include, immediately after the copyright notices, a license notice
giving the public permission to use the Modified Version under the terms of
this License, in the form shown in the Addendum below.
G. Preserve in that license notice the full lists of Invariant Sections and
required Cover Texts given in the Document’s license notice.
H. Include an unaltered copy of this License.
I. Preserve the section Entitled “History”, Preserve its Title, and add to
it an item stating at least the title, year, new authors, and publisher of
the Modified Version as given on the Title Page. If there is no section
Entitled “History” in the Document, create one stating the title, year,
authors, and publisher of the Document as given on its Title Page, then add
an item describing the Modified Version as stated in the previous sentence.
J. Preserve the network location, if any, given in the Document for public
access to a Transparent copy of the Document, and likewise the network
locations given in the Document for previous versions it was based on.
These may be placed in the “History” section. You may omit a network
location for a work that was published at least four years before the
Document itself, or if the original publisher of the version it refers to
gives permission.
K. For any section Entitled “Acknowledgements” or “Dedications”, Preserve
the Title of the section, and preserve in the section all the substance and
tone of each of the contributor acknowledgements and/or dedications given
therein.
L. Preserve all the Invariant Sections of the Document, unaltered in their
text and in their titles. Section numbers or the equivalent are not
considered part of the section titles.
M. Delete any section Entitled “Endorsements”. Such a section may not be
included in the Modified Version.
N. Do not retitle any existing section to be Entitled “Endorsements” or to
conflict in title with any Invariant Section.
O. Preserve any Warranty Disclaimers.
If the Modified Version includes new front-matter sections or appendices that
qualify as Secondary Sections and contain no material copied from the
Document, you may at your option designate some or all of these sections as
invariant. To do this, add their titles to the list of Invariant Sections in
the Modified Version’s license notice. These titles must be distinct from any

other section titles.
You may add a section Entitled “Endorsements”, provided it contains nothing
but endorsements of your Modified Version by various parties—for example,
statements of peer review or that the text has been approved by an
organization as the authoritative definition of a standard.
You may add a passage of up to five words as a Front-Cover Text, and a
passage of up to 25 words as a Back-Cover Text, to the end of the list of
Cover Texts in the Modified Version. Only one passage of Front-Cover Text and
one of Back-Cover Text may be added by (or through arrangements made by) any
one entity. If the Document already includes a cover text for the same cover,
previously added by you or by arrangement made by the same entity you are
acting on behalf of, you may not add another; but you may replace the old
one, on explicit permission from the previous publisher that added the old
one.
The author(s) and publisher(s) of the Document do not by this License give
permission to use their names for publicity for or to assert or imply
endorsement of any Modified Version.

5. COMBINING DOCUMENTS
You may combine the Document with other documents released under this
License, under the terms defined in section 4 above for modified versions,
provided that you include in the combination all of the Invariant Sections of
all of the original documents, unmodified, and list them all as Invariant
Sections of your combined work in its license notice, and that you preserve
all their Warranty Disclaimers.
The combined work need only contain one copy of this License, and multiple
identical Invariant Sections may be replaced with a single copy. If there are
multiple Invariant Sections with the same name but different contents, make
the title of each such section unique by adding at the end of it, in
parentheses, the name of the original author or publisher of that section if
known, or else a unique number. Make the same adjustment to the section
titles in the list of Invariant Sections in the license notice of the
combined work.
In the combination, you must combine any sections Entitled “History” in the

various original documents, forming one section Entitled “History”; likewise
combine any sections Entitled “Acknowledgements”, and any sections Entitled
“Dedications”. You must delete all sections Entitled “Endorsements”.

6. COLLECTIONS OF DOCUMENTS
You may make a collection consisting of the Document and other documents
released under this License, and replace the individual copies of this
License in the various documents with a single copy that is included in the
collection, provided that you follow the rules of this License for verbatim
copying of each of the documents in all other respects.
You may extract a single document from such a collection, and distribute it
individually under this License, provided you insert a copy of this License
into the extracted document, and follow this License in all other respects
regarding verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS
A compilation of the Document or its derivatives with other separate and
independent documents or works, in or on a volume of a storage or
distribution medium, is called an “aggregate” if the copyright resulting from
the compilation is not used to limit the legal rights of the compilation’s
users beyond what the individual works permit. When the Document is included
in an aggregate, this License does not apply to the other works in the
aggregate which are not themselves derivative works of the Document.
If the Cover Text requirement of section 3 is applicable to these copies of
the Document, then if the Document is less than one half of the entire
aggregate, the Document’s Cover Texts may be placed on covers that bracket
the Document within the aggregate, or the electronic equivalent of covers if
the Document is in electronic form. Otherwise they must appear on printed
covers that bracket the whole aggregate.

8. TRANSLATION
Translation is considered a kind of modification, so you may distribute
translations of the Document under the terms of section 4. Replacing
Invariant Sections with translations requires special permission from their
copyright holders, but you may include translations of some or all Invariant

Sections in addition to the original versions of these Invariant Sections.
You may include a translation of this License, and all the license notices in
the Document, and any Warranty Disclaimers, provided that you also include
the original English version of this License and the original versions of
those notices and disclaimers. In case of a disagreement between the
translation and the original version of this License or a notice or
disclaimer, the original version will prevail.
If a section in the Document is Entitled “Acknowledgements”, “Dedications”,
or “History”, the requirement (section 4) to Preserve its Title (section 1)
will typically require changing the actual title.

9. TERMINATION
You may not copy, modify, sublicense, or distribute the Document except as
expressly provided under this License. Any attempt otherwise to copy, modify,
sublicense, or distribute it is void, and will automatically terminate your
rights under this License.
However, if you cease all violation of this License, then your license from a
particular copyright holder is reinstated (a) provisionally, unless and until
the copyright holder explicitly and finally terminates your license, and (b)
permanently, if the copyright holder fails to notify you of the violation by
some reasonable means prior to 60 days after the cessation.
Moreover, your license from a particular copyright holder is reinstated
permanently if the copyright holder notifies you of the violation by some
reasonable means, this is the first time you have received notice of
violation of this License (for any work) from that copyright holder, and you
cure the violation prior to 30 days after your receipt of the notice.
Termination of your rights under this section does not terminate the licenses
of parties who have received copies or rights from you under this License. If
your rights have been terminated and not permanently reinstated, receipt of a
copy of some or all of the same material does not give you any rights to use
it.

10. FUTURE REVISIONS OF THIS LICENSE
The Free Software Foundation may publish new, revised versions of the GNU

Free Documentation License from time to time. Such new versions will be
similar in spirit to the present version, but may differ in detail to address
new problems or concerns. See https://www.gnu.org/copyleft/.
Each version of the License is given a distinguishing version number. If the
Document specifies that a particular numbered version of this License “or any
later version” applies to it, you have the option of following the terms and
conditions either of that specified version or of any later version that has
been published (not as a draft) by the Free Software Foundation. If the
Document does not specify a version number of this License, you may choose
any version ever published (not as a draft) by the Free Software Foundation.
If the Document specifies that a proxy can decide which future versions of
this License can be used, that proxy’s public statement of acceptance of a
version permanently authorizes you to choose that version for the Document.

11. RELICENSING
“Massive Multiauthor Collaboration Site” (or “MMC Site”) means any World Wide
Web server that publishes copyrightable works and also provides prominent
facilities for anybody to edit those works. A public wiki that anybody can
edit is an example of such a server. A “Massive Multiauthor Collaboration”
(or “MMC”) contained in the site means any set of copyrightable works thus
published on the MMC site.
“CC-BY-SA” means the Creative Commons Attribution-Share Alike 3.0 license
published by Creative Commons Corporation, a not-for-profit corporation with
a principal place of business in San Francisco, California, as well as future
copyleft versions of that license published by that same organization.
“Incorporate” means to publish or republish a Document, in whole or in part,
as part of another Document.
An MMC is “eligible for relicensing” if it is licensed under this License,
and if all works that were first published under this License somewhere other
than this MMC, and subsequently incorporated in whole or in part into the
MMC, (1) had no cover texts or invariant sections, and (2) were thus
incorporated prior to November 1, 2008.
The operator of an MMC Site may republish an MMC contained in the site under
CC-BY-SA on the same site at any time before August 1, 2009, provided the MMC

is eligible for relicensing.

ADDENDUM: How to use this License for your
documents
To use this License in a document you have written, include a copy of the
License in the document and put the following copyright and license notices
just after the title page:
Copyright (C)

YEAR

YOUR NAME.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.3
or any later version published by the Free Software Foundation;
with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
A copy of the license is included in the section entitled "GNU
Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts,
replace the “with … Texts.” line with this:
with the Invariant Sections being LIST THEIR TITLES, with the
Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination
of the three, merge those two alternatives to suit the situation.
If your document contains nontrivial examples of program code, we recommend
releasing these examples in parallel under your choice of free software
license, such as the GNU General Public License, to permit their use in free
software.

