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Copyright © 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009 OpenCFD Limited.

Permission is granted to copy, distribute and/or modify this document under the terms of the
GNU Free Documentation License, Version 1.2 published by the Free Software Foundation; with
no Invariant Sections, no Back-Cover Texts and one Front-Cover Text: “Available free from open-
foam.org.” A copy of the license is included in the section entitled “GNU Free Documentation

License”.

This document is distributed in the hope that it will be useful, but WITHOUT ANY WAR-
RANTY; without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PAR-
TICULAR PURPOSE.
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GNU Free Documentation License

Version 1.2, November 2002
Copyright © 2000, 2001, 2002 Free Software Foundation, Inc.

59 Temple Place, Suite 330, Boston, MA 02111-1307 USA

Everyone is permitted to copy and distribute verbatim copies of this license document, but

changing it is not allowed.

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, royalty-free 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 Docu-
ment’ 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 Sec-
tion 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.
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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 for-
mat 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 pro-
grams 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 trans-
parent 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.

A section “Entitled XYZ” means a named subunit of the Document whose title either is pre-
cisely 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.
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2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommer-
cially, 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 whatso-
ever 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 computer-network 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
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of the Modified Version to whoever possesses a copy of it. In addition, you must do these things in
the Modified Version:

A.

SHCHe

=

0.

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.

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.

State on the Title page the name of the publisher of the Modified Version, as the publisher.
Preserve all the copyright notices of the Document.

Add an appropriate copyright notice for your modifications adjacent to the other copyright
notices.

Include, immediately after the copyright notices, a license notice giving the public permis-
sion to use the Modified Version under the terms of this License, in the form shown in the
Addendum below.

Preserve in that license notice the full lists of Invariant Sections and required Cover Texts
given in the Document’ s license notice.

Include an unaltered copy of this License.

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.

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.

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.

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.

Delete any section Entitled “Endorsements”. Such a section may not be included in the
Modified Version.

Do not retitle any existing section to be Entitled “Endorsements” or to conflict in title with
any Invariant Section.

Preserve any Warranty Disclaimers.
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5 COMBINING DOCUMENTS 7

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 “Ac-
knowledgements”, 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
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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 Docu-
ment 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 trans-
lation 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
for under this License. Any other attempt to copy, modify, sublicense or distribute the Document
is void, and will automatically terminate your rights under this License. However, parties who have
received copies, or rights, from you under this License will not have their licenses terminated so long

as such parties remain in full compliance.

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
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10 FUTURE REVISIONS OF THIS LICENSE 9

may differ in detail to address new problems or concerns. See http://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.
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Trademarks

ANSYS is a registered trademark of ANSYS Inc.

CFX is a registered trademark of AEA Technology Engineering Software Ltd.
CHEMKIN is a registered trademark of Sandia National Laboratories

CORBA is a registered trademark of Object Management Group Inc.

openDX is a registered trademark of International Business Machines Corporation
EnSight is a registered trademark of Computational Engineering International Ltd.
AVS /Express is a registered trademark of Advanced Visual Systems Inc.

Fluent is a registered trademark of Fluent Inc.

GAMBIT is a registered trademark of Fluent Inc.

Fieldview is a registered trademark of Intelligent Light

Icem-CFD is a registered trademark of ICEM Technologies GmbH

[-DEAS is a registered trademark of Structural Dynamics Research Corporation
JAVA is a registered trademark of Sun Microsystems Inc.

Linux is a registered trademark of Linus Torvalds

MICO is a registered trademark of MICO Inc.

OpenFOAM is a registered trademark of OpenCFD Ltd.

ParaView is a registered trademark of Kitware

STAR-CD is a registered trademark of Computational Dynamics Ltd.

UNIX is a registered trademark of The Open Group
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Y =)V TT 72 A4 —HITIEROEREERH YD £9. paraFoam ZFHLFa— M) T I ZED
o0, EIFBUBENBELRERIE 6 TR Y — RN—F s BEOMNG 2 ST 51 TT.

TARTDFa2a—h~)TIDIE—F OpenFOAM %21 VA M=)V LZFa—K ) TIADT1 L2 b
UNLHHATEEY. Fa— M7, BIORAL FIZEDT 4 L2 M)V IANDYTTF 1 LD
cMVIZEEdLNTVET. flZIF icoFoam D — A1Ed NT incompressible/icoFoam % 775 1 L 7
Y OHIZENNTWETS. Z 2T incompressible BHRENWD XA T2 KU TWET., T—PFRIFX
FRBIEE FEMT D & XITIE, tutorials T« L2 M) 20 —RIVDEFTTF 4 L7 M)IZaE—F5 2
LEBEIDOUET. TOEOIZE, ROLIIZATTLILTEGIZIE—FTHIENTEET.

mkdir -p $FOAM_RUN
cp -r $FOAM_TUTORIALS $FOAM_RUN

21 XHEEIOFvET 1 RN

ZOF a— M) TIVIE 2 Kot E AR OFERETEMHEERVCELT, ) Foxe A, 8, KA
NTORv AT 2AEEMHUET. M21ICEAEOTRTORAVEEGREATHD YA AN 2R
UZd. EOBEEBIFUE x #4MAIC 1m/s DEETIEAZ S X, MO =DOBEmBIFUIFFIEL T ET.
Fa—hM)TMIBVTIEINEZMRIIHIZ>T, FTEBEE2INEL, BRSEIEEHERND O
D icoFoam Y IWN\ZFH UL —Aw Y a2 ECRIEFT. Fa— MU TIVTIE, AT aDMEE DR
HIXRBE S ANDARDOME L FANET. ZTEID RO LA IV E NI, pisoFoam VLA
ZELIE, iR, FEEMEMERAVCHEAE L £9.

2.1.1 RLE

r—A1E OpenFOAM T — A7 7 A NV ERETDI L THELET. 77— A7 71 )ik emacs X
vi, gedit, kate, nedit REDTFAMITT 4 X TR - HfELET. Thik, ALIPPLETED
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U,=1m/s

d=01m

X 21 RKHEEBF YT DOYAARY

NPT VF—T—RZ2EDT 4 7Y aF N EABMEONTHENETT.

fRtrr — A Ay > a, e, UE, GIENT A =R R EDOBEREEATOETH A1 HIIENT
TT LD, ZL<DCFD Y 7 "B —2D 7 7 A IZINEDT—R &N 2DIZx L, OpenFOAM
WX—HDT7 7Ny N UTHR T —AT 1 L7 MDICKBIILET. By —AD7 1 L7 M)
i, (RHOF 12— KD T ILOFIEDIEHIT cavity THD & D12) DD T VLETEERET. @
r— AR - FAITT AR E LT, IMARNROT L2 MVICBEIL T

cd $FOAM_RUN/tutorials/incompressible/icoFoam/cavity

2111 Xw¥a4%Em

OpenFOAM [EH1Z 3 RIGT WV MEFERATEI 720D, B®THOIAA MY & 3RCTHEBL £T.
OpenFOAM 137 7 AV hDFEIZBWTHIEZ 3RGE UTHE 2908, 22 <Ga%, Mk
PHETHR (5 3) Kot HIANC EE R BTSRRI empty WO R SRMG2HEL £ 9.

oy FH EO—UDOEIDEAENSEREDF YT DRI, £320x 20 BVDH—R Ay a
EHRELET. o0y rEEEH221IZRUET.

3 2
7 16
4 T 1 E
) !
z AY
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22 FYEFoDAYIYaDTOw 7RG
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2.1 KHBEEHDF ¥ T 1N 21

OpenFOAM THEIND A ¥ a - ¥V x 1 L —4& blockMesh & constant/polyMesh 7+« L 27 ~ V)
W22 AT 12 3F V) blockMeshDict THEI NGB NS AV Y a2 ERLET. ZOTr—2A
D blockMeshDict 1%, ARD X EY TT.

1 [k k= CH+ —k—mm—m e *\
2 | ========= | |
3 | A\ / F ield | OpenFOAM: The Open Source CFD Toolbox
4 1 \\ / 0 peration | Version: 1.6

s 1 A\ / A nd | Web: http://www.0penFOAM. org
6 | \\/ M anipulation | |
7\ */
g8 FoamFile

o {

10 version 2.0;

11 format ascii;

12 class dictionary;

13 object blockMeshDict;

14}

15 // % % % %k % % % %k % % % %k % % % % * % % % % % % % % % % % % % % % % % *x *x *x //
16

17 convertToMeters 0.1;

18

19 vertices

20 (

21 (0 0 0)

22 (1 00)

23 (110)

24 (010

25 (0 00.1)

26 (1 00.1)

27 (110.1)

28 (010.1)

29 )

30

31 blocks

32

33 hex (01 23456 7) (20 20 1) simpleGrading (1 1 1)

34 )

35

36 edges

37 (

38 )3

39

40 patches

a (

42 wall movingWall

43

44 (376 2)

45 )

46 wall fixedWalls

a7 (

48 (047 3)

19 (2 6 51)

50 (1540

51

52 empty frontAndBack

53

54 (0 321)

55 (4567

56 )

57 )3

58

59 mergePatchPairs

60 (

61 )}

o O
w N

77 A VOBIIEAF— (1-74F) BROAY LWEHT, 77 UL, BER ({..}) THER
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% FoamFile 774 27> a > ) ORTaHdInEd.

Sk, fBEle AR—=ADHE L, NF—& FoamFileY 754273 F V&80 7 74N~V X
FT—A7 7 A IVORIHDOBRIZAE S £

FIT 77 ANMIHDIZTTOY I DTEM OIS vertices T LT, TIUIHE, HEZL L VRS
N5 blocks (ZZTIE—D20DA) 2EHELET. TUTHRBRIIEF/SY FEEEHEL FT. blockMeshDict
77 A NVORBDOFMEZ T HITIE 5.3 Hi2 2L T ZI W0,

AW Y ald blockMeshDict 7 7 1 ) LT blockMesh % E17 32 L EFINET. Y —AF1 L7k
DAMNSGLARE X —IFIVIZANT D713 TT.

blockMesh

blockMesh D EATRIIEZ —I F IV T A ¥ R IR R INZE T, blockMeshDict 7 7 VIZFRY 23 >
FGE, TO—AVE—UNERRIN, 771INVOEDTIMENRD DN 2HA T NET. 520
BETZI—Avt—INHDLZZ LRV TL LS.

2112 EFRFH RN

AT ADERMNTET T DL, WHNGFMEOMREBEZHR T LN TEET. 207 — A%
RZIDNZ R EINT VD DO TN O EPRED T — X L cavity T4 L Z RV D 0 WDSH T T4
L7 RVIZKMINTOET. 0iiZpl UDZ2DT7 74 DHY, EH (p) L#EE (U) OFLE
EBIRGZM A BRETIHENDY ET. pO T 7 A IVEFNIHAL £9.

17 dimensions [02-2000 0];

18
19 internalField uniform O;
20

21  boundaryField

22 o

23 movingWall

24

25 type zeroGradient;
26

27

28 fixedWalls

29 {

30 type zeroGradient;
31

32

33 frontAndBack

34 {

35 type empty;

36 }

37}

38

MBSO T =R 7 7 A IVIZIFZOO FEAREARH YD £

dimensions YHEOXGEEE. T I TIREIE, DFD m2s2 (4.2.6 HIZFER).

internalField WEOYIMEIIHE —DETHRTNIE—HERYD, —FFTRVWGEIXTRTCOEEZIEE
TOMBENRDHY 9 (4.2.8 HIZFFIR).

boundaryField A HOYIFEIIBIRGM LRV FIER DT — X % UE 9 (4.2.8 FIZFER).

ZOF ¥ T A HNOMHT T — ATIIBEFUIBETOATTH, —D0/8y FREAINTHET. (1)
% U5 1 O S M-I & KO fixedwall &, (2) % ¥ €5 1 OHEFEIFHEHD novingwall
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TY. 5 5% phizeroGradient TY A, ZAUIENDOBEFIZEER HGRIOALN0THD D
Z & TY. frontAndBack lX 2 XIuDMEDLEDEREDFEH 2R L TWNT, K7 —ATIEEAR empty
EROTWVWET.

ZDT—ATH, £2LHE<HIZTZ2EDTHY 90, MHEOWIASM 2  uniform (—kk) (2
BoTWEY., ZITRENZEEDADIEEM T —ATH D728, HMHEIdENT & BRZRNDTH
‘H_Euniform 0 X UTWET.

0/UDREED 7 7 A IZHEWTEHFIKTY. dimensions IFHETH Y, NIHOYIIASMAIEANZ b
NETIHDEE 0% EEKT D uniform (0 0 0) IZARSTWETY (4.2.5 HHIZFAR).

HE DB M frontAndBack /3y F LW USMATY. fixedWall IZBIL TIEXIARY R LD
value ¥ uniform (0 0 0) &4 H £9. LHIZ1m/s THETSHDT uniform (1 0 0) CHEIEMEZ
HELUET.

2113 YEE

i — ZDYIFEEL, %412 ... Properties L\ D EERE G- XA 6N TT 1 7Y 3+ VIRAFEI N, Dictionaries
TALVIZ ROV —IZEMNET. icoFoam 77— ATIX, transportProperties 71 7> 3 F VIZ{R-FES
NLERERE ZFRET ST TTY.

transportProperties 74 7> 3 F ) #BWTITY N 2 /2D, HETLIIENTIETOT, Bt
HRBESNELSEY hIND Z L 2HEND T 2V, BRWEREIL, nu (AREATRONDFVY Y
TRV VRN DERINN) L0 F—T—RIZRD T, FTHRMI, ZOTF—AELA VX
BEI0THELET., LAV ZXBUIIRO IS ITEHZINET.
d|U

|V | (2.1)

de U FTNTIREEI L HELZRL, v ITEMEREERLUES. 22T, d=0.1m,|U|=1ms™ !,
Re=10292¢, v=001m?* ' &2 FT. HHMERBOBEYRREIZUFOL IR 7.

17
18  nu nu [02-1000 0] 0.01;

19

20

21 [/ Rkkskskokokkokskokok sk ok kokokok ok skokok sk ok sk skook ok sk skook ok ok skokok o ok skskok ok sk sk sk ok skokok ko skokok sk ok kokok kR kokokok ok ok //

Re =

2.1.1.4

FHERFR DG, DT —RDHAEXIZET S AT —XIX, controlDict 7+ 27 3>V » b6k
AWMOENET. TNk systemT 1 L7 b U WZHYETOT, r—A%GHITLZ 77 1)L LTSHU
TLSETW,

FIRANIAZ— b - (EIERA ERIA T Y TE2FE LR TNERY £X¥A. OpenFOAM IF, F#K
PEDEOREIHIE 2 2L U 9, FEUKIZA3HTHRRES., ZDOFa— MU TINTIE, RHt=0
MOEFTEBEDZNVEEVET. DFY, OpenFOAM I 02 WS F 1 L7 N)NSEDT—X %5
OMBERHD LB ET (TF—AT7 7 A VHEEDOFH U WIEHRICBEL TE 41 Hiz BT ZI W),
U725 T, startFrom ¥ —7 — R % startTime (Z3%E L T, XRIZ startTime ¥ —7— K% 012§
ELUET.

MTIZIZIE, BABRF YT AY) 2ER LU TV EHMIET S 2 2 HIEIZT 2D TT Y,
WL T, WARIEER TREIRBICEE S 2 2 OIZ8 I E 10 F@ D KT R ITUIRY) FEA. 07—
AT, AOEHOERNDT, MANENEEZEYKITERA. RDVIZ, SEZRFyET1 %
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10 BB ENd 2 0] (7805 1s) 2R THRZE LTEY RUTEWVWTUL &S, FHEBIX, BOKRIC
XY, 05s THATHDLDONEDT, ZOMERHLUEL &S, ZORTRAEZRHRET D201,
stopAt ¥—7 — R & UT endTime 2 $5%E LT, endTime ¥—7— R% 0.5 % E L RITIIERY F
HAa.

RKIZ, WA TY T2 BETI2HERHY FTH, ZHEF—7—RdeltaT IZL>TEINET.
icoFoam ZE/M 3 & X, FEDKE L ZEMEERT L2012, 1 KDY —F VEPBRETY. 77—
FUBIEUATOL I ICEHEINET.

At|U]|
Ax
At IZRATY 7, UGNV 2@ dREDKEY, ZUT Az IZFEAG O IVY 1 ATT. ifiHE
PEEBANTEE L TE BT Co< 1 Z2MINEI2HERHY) £T. Zhb, REEBVGS (0FY),
RKERRE L NI BRIV A XOMEDRIZLDEAD Co) 2T At ZRELEY. ZITlE, &
A RS I TEEINT WS DT, K ColdS2AHEIAED, 1ms™ IV I

B5TL&ED.

Co = (2.2)

d 0.1

Ax—;;—§6—00%nl (2.3)

UZD3o T, BT LIUTID Y =5 V% ERT D722, AT Y 7 deltaT 2 RD & D12
FEUBRLSTIEWT EEA.

CoAx 1 x 0.005
At = = = 0.005 2.4
U] 1 > (2:4)

VIal—vavhETTi e, BUHENRNY =V TENORLIENTED LD, HE—ED
REFRE COMRERDOEBEEIHLZ2E DD 720, writeControl F—7 — NIFERNE NN S R % ik
DB/ZDODNKONDA TV a v aERUET. timeStep A 7Y 3 Vi, R n BIOK AT Y 7
TUIREREZEZEIHT LS 2L E2EKRL, TD & XIDfEIZ writeInterval F¥—7V — RTHEEINZE
9. 0.1,0.2,...,0.5s CHRERZEI/ZNVELELLD. ULADST, 0.005s DEHATY 72D T,
ATy 7200 T L IHEREHNTE2HENHY £, K> TCuritelnterval 220 2% EL £7.
OpenFOAM 1% 4.1 Hi T d 27 — Xy M2 FB XA T LITHIZIE0.1s LW D BFEREZNIC B 78
ATEMITOENZH LT 4 L2 M) EZEKRLU £9. icoFoam YILNTI, UX p DFIHE Z & IR
RRHT 4 L7 NVICESARET. ZOT—ATIE, controlDict DRlBNEIIATO L B Y TT.

17

18 application icoFoam;
19

20 startFrom startTime;
21

22 startTime 0;

23

24 sStopAt endTime;
25

26 endTime 0.5;

27

28 deltaT 0.005;

29

30 writeControl timeStep;

31

32 writelnterval 20;
33

34 purgelWrite 0;

35
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36 writeFormat ascii;

37

38 writePrecision 6;

39

40 writeCompression uncompressed;
41

42 timeFormat general;

43

44 timePrecision 6;

45

46 runTimeModifiable yes;

47

48

49 [/ kEkokokskskokokok sk ok ok ok sk ok ok ok 3k ok ok 3k K ok ok ok K ok ok ok 3 ok ok K ok ok oKk K ok ok ok ok ok ok ok ok sk Rk ok ko kokkkkokkk ok / /

2115 BEBULEIRYIL/NDERE

2—HE fuSchemes 7« 7> aF V) (system T+ L' 27 v V) NTHBARBERTLIEZ EIRT MY
ISWEELUET. ARV INEHRMES KOO 7L T XA 3 ha—I)VDFEEIX fvSolution
TAYaFVRNIESNTVET. A—HFIFHHIZINSGDT 4 7Y aFVERDIIENTEET
2, fvSolution T4 2> aF VD PISOY 75 17 a7 1) D pRefCell & pRefValue % R\\T, HfE
DEZA, TNOHTRTOEHIIDWTCHmT 2 HEIEHY FHA. FYET 1 D& S RHUZIEEHN
RTI, JEHSMHEATH Y, BEEROE FExETIER<) EA#PETY. ZOL585E5TIE, V
JVNIE¥E )L pRefCell I pRefValue (Z kDB L&y MU ET. ZOHITIE, WA ICHE
INFET. LML, INGDEDOELLNEEZ D LTS GRE LN TEITIERLS) 224U
3

212 XvaDiER

R 2 EZATTDANCIELK A Y aRTETWEINHERLEL &S5, AW Y aid OpenFoam M4t
F BN 7 N D paraFoam THEFR L £9. paraFoam It —AD T« L7 M) ETE—3IF)
NHEEL 7.

paraFoam

HBDWE, ATV aVIil-case & DB ILTMHMOT A LI NUMNSLTEHERETLI I EMNTETET.

paraFoam -case $FOAM_RUN/tutorials/incompressible/icoFoam/cavity

6.1 129 & D12 ParaView DV A >~ R UM FHE £9. Pipeline Browser & % &, ParaView 23
cavity.OpenFOAM, DF D ¥ Y T4 T —ADET 2 —I)VEOTND Z MR TEET. Apply
R VEH ) v -9 BETICRegion Status & NRIVNSFRT D EEZBINT D2 HRENHY £9. T
7 — AMNH{Z2 0D T Region Status SRV DF = JIRY J ATETDT — X %238 RG22 L BT
. NRIVHNOLERZHBWIZF v VT2 ENTIET. ParaView TYA A M) 25HA0 720
WZiE Apply R& V&2 27 1)w 7 LUET.

BN OEHINT WD —RIREREIZDVTIE6.1.5.1 22U T ZI W,

Display # 7% B EZINU 2 EY 2 —VORAREAEZFAEL 9. 23128 FT L5, (1) Color
by % Solid Color (I L, (2) Set Solid Color # 7V w7 U442 (HERMVPHDOHEIFEZ L)
% ZR, (3) Style /N2 IV Tld Representation A =2 —25 Wireframe Z#ERNU 9. Fxfald b
TAZ=a—/)SNRI)VTEdit 25 View Settings... ZFERU CTHEL 7.
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Display /¥ 2 L% [ <
—— Color by Solid Color % &iR
— Solid Color % &%/ E (HIZ IXH)
— Wireframe % ER

File Edit View [Sources Filters| |Animation Tools Help
pEBR? RA|LDE D » K<l > I> M 5B Tme[os s B
U & &% @polidcolor |+ ~| | wireframe MEL S I < SO0 B W A O NG N ¢!
Pipeline Browser X (RR[EISIE] (m]B]o]x]
@ buitin:
@
Object Inspector (&)%)
Properties | Display [ Information| |
Color (=]
X Interpolate Colors
% Map Scalars
Apply Texture {None |-
Color by | @ Solid Color " | |I-| L'
@ Set Splid Color...
Slice L
Slice Direction g
Slice Oo————0 |
Style
Representation | Wireframe M
Interpolation Gouraud [+ | ®
Material None v|
S & | =
Point size 5.00 5 ‘LE‘

2.3 paraFoam TD A Y ¥ aDFHKR

ParaView Z {5 DI L OTHESIE, 6.1.5 HTHEND & IIHAEFEZRL TAHAS L2 B8O L
F9. FICRT—AE2RILARDTEdit A =2 —D View Settings D General /3% )L T Use Parallel
Projection % ZRT DN ENTUL & 5. §lidD AL, Annotation 7 « > K7D Orientation Axes % 7
Ve ATFEN, IUADRIT Y TEROY FIZE o THIET D LN TE£T.

213 7V —2avnET

H 5B UNIX /Linux DFEIT7 7 1 L FAKIZ, OpenFOAM 7 7V 75— a VIFZ DD HIETHE
422N TEEY. —DHEF AT VIV ROTORAT, AV RTBV T N25250DI1C
VIR T EFTHEDEDTY. ZOHIFNY I VI DY RTOL AT, YRI5 R 0%
T AND DIZHETE T OBENRNEDTT.

ZZTlk, 747275V RTicoFoam Z#MLEUL & 5. icoFoam VIV NETr—A57 4 L7 MUK
WZAST, avvYy R7ay 7N ET

icoFoam

CANTDHIETEFTTETETH,
HDNNEIA TV avil-case DI D I THOT AL 7 NS THEETDLIENTEET.
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icoFoam -case $FOAM_RUN/tutorials/incompressible/icoFoam/cavity

VaTOERIE, A—IFNVIA Y RVICRRINET. BUHEOKH], K7 —F VU, RTDT 4 —
b R OWIHME & B HRE R 2 XR U £9.

2.1.4 12018

FERBRZT ¢ L7 MV IZENIND &I, paraFoam 2> TR 2 Z & N TX£9. paraFoam ¥
1Y RIIZRE>T, cavity.OpenFOAM 77— AE Y 22— )LD Properties /SR IV & EATL ZI W, r—
AT a—IVONNKIPFHELTHRNE DB 51X, cavity.OpenFOAM WELNA 714 hXNTWD
», TNENMAZEHDERRZ VIZERREPENTHE L ERUTVEH, ZHERLTIEZIW,

H72WTF—&%KRT 5 paraFoam % #5932 121%, HMICHHEDOETREE L T05s DT —4&
RHOAFERITNUERY FXRA. T — ANFESFHRT—F ParaView 2 IV T WA 54, KT+ L2 MY
D ST — &% ParaView IZHBIIZO— RIFINFETA. T—X20—R§3572DIZ1F, Properties
[ T Update GUI Z3EIR L, D Apply R& > 2271V v 7 UL ET. 5 THIERMT—&igdo— R
INET.

2141 FHEmeavy 7Oy b
rﬁ’%%ék iX Display /S 3V 2B E, BIRUAZEYV2a—VDORRERZFELFT. ELoAER
IR 2.4 1289 & 5 12 Style 7312 )LD Representation A =1 —% surface {Z U T ColorPanel @ Set
Color by % °p, T U T Rescale to Data Range h& > % 7 Vw27 L, A=a— =D FDY —)V/\—
IZ& % VCR Controls ¥ 721X Current Time Controls TEIERZI%Z 0.512L Tt =055l 2H
MR ERRUET. TNOD/SRIVKH 6.4 1R T KD IZ ParaView 7 4 Y RUD Ky FA=a—0
TIZHY) £, JENGOMFERIZN 2.5 D& 512K EAMEL, A EXNEWENDMIZRDIETTT.

JEJ13 48 2 ERK S 2 121X 2.4 127”9 & 51T StylePanel T Representation A =2 —» 5 Surface &
IR U, Color /N3 )V T 2p, T U T Rescale to Data Range /R & 12 & > T Color % # R U 9. A
Za—N—=DFDY—)—|ZdhH % VCR Controls F 7zI% Current time % 0.5 ZL Tt =0.5sZHF
LfMTHERERRLUET.

°p DT A AVTHENGAZ2IVHEZAT U EE2 M 2R RUET. £ U Color by A=a—05
BT A3y @ ZERUZTNEELZDEIVPER I T HLT—D20BIZE>TEEKING LD1Z,
FEHD DD —DDfEIFE 4 DR IVIZER LU THET.

Active Variable Controls * —J)L/3—® Toggle Color Legend Visibility R&Z > %& 27 Vw74 2% »n
View A =2 —»5 Show Color Legend Z#EINTLHI LT, WI—N—%2KRIELHLILNTETET.
Active Variable Controls toolbar * Display window ® Color panel {Zd % Edit Color Map button %
VW IFRLTAHY NDREIIRMEE, AT —NVOEFESHITIORRRY, hI7—N—D&KE2EH
T2IENTEEY. WT7—N"—ERIVv I 7V RROY 72L&V image V1 ¥ ROICELS Z LA
HETY.

BLD/N—3 3 > D ParaView Tl, E<ffibndF -k - Kkewd (MaD) hF7—Ar—IT
F8<, ENOHATUTHEANLZBTENT AT =BT 7 ANV MIE>TVWES. TIT, IU
T ParaView 25 2—HFZZDH T —AT— V%2 E2/-\WEES>TUL LS. ZHik, Color Scale
Editor T Choose Preset % 7, Blue to Red Rainbow % #R92 Z L TEAHETEXEY. OKKX VT
MR U 7=d & 12, Make Default % ffitHE ParaView IdWD2E Z DX A TDH T —N—%{Hi> X 5I12R
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DET.

A A=V EMAEE IEDETARNTOREIENAAETEITINTVS ZEVHERTEET. EL
WAV R EGDZOICHEZERTDH, 6.1.6.11Z5RF slice 74 NVEZEHANTIAA RN ZAT
A ALUET. 6.1.6.1 1TRT slice 71 V& & HAVET. Wriri s LR (0.05,0.05,0.005), FHEHELUIX
(0,0,1) & U F9. W% ER#, 6.1.6 HIZRT contour 74 )V RIZE>TIV A ZHE L 7.
Display /8 % )L % ] <
Color by & U T p D% 2R

—— Rescale to Data Range &2 7 V) w 2
— Surface % EIR

Properties | Display || Informgtior|
View
% \isible Z4oom To Data
Color

%/ Interpolate Colors

x| Maf Alars

Apply Texture Ngne
Color by °op - -

Edit Color Map... | |Rescple to Data Range
Slice Directior

Style

Representation Surface -
Interpolation Gouraud v
Material None |~
Point size 5.00 I
Line width 1.00 &
Opacity 1.00 I2

\Volume mapper

4

X 2.4 FvETFa—ATOENETREOH

2142 X7 bMLFOv b

RN V% RS ST, SITER U ZWEX 3V 2 R EDMDEY 2 — NI RERDO T b
X F U LS. Pipeline Browser TZNWHDEY 2 —)L % &KL, Properties Panel D Delete & 2 1)
27 U CHIBRY %%, Pipeline Browser CHDIEDRZ V%227 1)w 7 U TENSLDEY 2 — )% IERR
IZUET.

BT OFNIBT R MVIT T TRERTEHZZLIZLELED. £F, 6.1.7.1 128D & 512k
FOHLDT—RDIHIZEEY JAHA E T . Pipeline Browser | THFHZR R I N T3 cavity.OpenFOAM
DEY2—)V%EIRL, Filter A =2 —»5 Cell Centers % :Z IR LU T Apply #2727 )V 7 L FET.

Centers DFHFHZER R X4, Filter A =2 —05 Glyph #:#IRU £9. [X2.6 D& > 7 Properties 7
Y RUNPFRRINET. Properties /SR IV DFERTIE vectors A =2 —FART MVGIXHE D AZDT
LS U BRI NT W E . Scale Mode 1333 E D Vector Magnitude 2 @) & U TER I TV

OpenVFOAM-1.6



2.1 KHEHOXFY YT+ HEN 29

Pressure, p (Pa)
-2.08 024 256 4.88

25 FYETFTA T —ATOEN

9, off Z:#INL, Set Scale Factor (2 0.005 22U TE2ARDODEE.2 RET. Apply 227 Vv o
TR M, HIZIEH, O MUVPERRINET. @E IS Display /SR IV T Color by UZFERL T
RKEIWRUZBITE U ET. Edit Color Map % Show Color Legend (2% E U, & D MLHI % &
ARITELLED. HIRERIFH2.7DE 122D £9. Color Legend (JLFFI) (Z1d Times Roman 7 7
v MAMEH X4, Automatic Label Format % fi#2fk U C Label Format 7% A bRy 7 Al %-#6.2f %
ANTEZIELTZODOAWBFTINNEZEEL THET. Haethid View Settings D General Panel
THIIREINTHET.

2143 JR7Ov b

ParaView CHUHLZ K1) 28112, ERORZ ML 70w hOEY 2 —)VIEAELOTHIRL £ U &
5. THUEH, 6.1.8HDFARD LS ITHHEDRARE T Oy hUEL & D.

Pipeline Browser T cavity.0penFOAMEY 2 —)L%& /A T4 h U72IRRET, Filter A =2 —»5 Stream
Tracer ZERL, Apply 227 Vw27 UL ET. £595&, [X28IT/RT &DIZ Propaties V1~ K'Y
MENET. Seed DI, YA A MY DOHILETEEIZE > T, Line Sourse 12D £ 512 (HlAIF
(0.05,0,0.005) 75 (0.05,0.1,0.005) £T) FHELEL &5. TDHA NZHEHE L 72Tl Point Res-
olution % 21 {Z, Max Propagation % Length T 0.51Z, Initial Step Length % Cell Length T 0.01Z,
Integration Direction % BOTH &\ D % E &7\ £ L/z. /2, Runge-Kutta 2 Integrator Type I 7
TANVRINTA=ZTHNEU /.

Apply 227 Vw27 342L, ML—UMREKINET. €I TFilter A =2 —715 Tubes % EINT D Z
YT, BEOHEBMEMED ZENTEET. ZOLAR—MTIE, ROFBEZMFNE U~ Num. sides
% 20, Radius % 0.003, Radius factor % 10 12U £ L7z, Accept Zflg 2 & T, 29N T £T.

215 XvwIaiDREEAELT

AW Y ADREE R K2 DFRT 2MEIZHEP LU 9. MEOHIASMAE UTHED 2012, HnAy
VATORERZ, MLV AYYa FIZEHLET. ZUT, iV AY T aDEEHOAY Y 2D
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Parameters /X 3 )L % [ <
Set Scale Factor% 0.005 (2 3% %€
Scale Mode T off % JEIR —
Glyph Type T Arrow% &R —
Properties | Display | Information |
ppl Reset | | 3 Delete| | ?
Scalars p X
\ectors U 7
Glyph Type Arrow v
Arrow
Tip Resolution 6
Tip Radius 0.1
Tip Length 0.35
Shaft Resolution <} 6
Shaft Radius 0.03
%/ Orient
Scale Mode off v
Set Scale Factor |0.005 % Edit
Maximum Number
of Points 2000
% Mask Points
%/ Random Mode
2.6 Glyph 74 VA DINT A—=ZI)SH )
U E9.

2151 BHEIF—RAERAVWEFLWIT—XDOER

cavity # I¥—LU, BIE9 % Z & T — A cavityFine Z/ER L £ 9.

LW L2 b &ERL £

cd $FOAM_RUN/tutorials/incompressible/icoFoam

mkdir cavityFine

F9 cavity L [A UBSRE 125

FHAR L DM — A cavity DN % fffft 77— A cavityFine \Z 2 ¥ — U, cavityFine \(ZFEIL £7.

cp -r cavity/constant cavityFine
cp -r cavity/system cavityFine
cd cavityFine

2152 WX YT 1 DER

blockMesh % fii > TEHEKFEZHEP L U & 5. blockMeshDict 7 7 1 )V % T5 4 AT, 7
Oy 27T &2 BIELEY. 70v 7 2KET SICIE blocks LD F—T—REHVEL &
5. 70y ZEHBOMFMEICE U TIE5.3.1.3 THLUSABREDT, I Tld hex BWERAIDIAY A b
T, ZAMDOFHEKTOES) ANNHE I LE2HMNEEINTL LS. ZHUE, D cavity 7 — AT
1% (20 20 1) IZRS>TWVWET. IH%E (40 40 1) IZEZ, RFLUET. I 2T blockMesh % 5E%)9
5ZETHULY, VMO WAY Y 22ERKTEHIIENTEIET.
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[ S O

AR N N

Velocity, U (m/s)
0.00 0.25 0.50 0.75 1.00

K27 FyYUEr4ar—ADHEE

2153 WX YY1 DRERZEMHBRAX Yy L2y EYTT D

mapFields T—7 1 U7 1k, fiOIAA NV DR T DT —IVRD EANEZLNZIF A NI
BEUZ—2B D74 =V RV EYTLES. RFa—M)TVOFITIE, AT 14—V REKR
DIFERD T 4 — IV R HDOIA AN - RO - BERSZMBRE—THEDT, 74—V RIZIE
E—HLTWd)] &EZOLNET. ZOHIT mapFields #5479 % & ¥, -consistent IY Y KT A
VATV avEMNET.

mapFields maps D7 « —J)V RF—&I%, B — A (TRDOLBEERMBKIZINT D) D controlDict
D startFrom /startTime THEINDRHE T L 27 NUMNSERENE . ZOHITIL, cavityFine 77—
ADFAMN A T a BIZ cavity T — AN SMH WA Y YV aDBREEEREYYEY I LELED. IS
DFERD cavity D 0.5DFT « L7 MV IZKEMI N TS DT, startTime % controlDict 7+ 273 3 5
)T 0.5s1Z, startFrom % startTime {22y FLUEY. INHLDOEHEZRFELEL & D.

mapFields % 5179 & #ff3 T X £ U /2. mapFields -help &I HiALY & mapFields DHEATIZIEA
HIr—2ADFT A4 VI N) RETTI2HENDHDZ DM £F. -consistent A7V a v EFS>D
T, RDEDIZ2—FT 14V T 1% cavityFine T4 L 27 MU 54T I N5,

mapFields ../cavity -consistent

mapFields VEITIIVRD LS ITHIINSETUL & D.

Source: ".." "cavity"

Target: "." "cavityFine"

Create databases as time

Source time: 0.5

Target time: 0.5

Create meshes

Source mesh size: 400 Target mesh size: 1681

Consistently creating and mapping fields for time 0.5
interpolating p
interpolating U

End
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Parameters /¥ % )L % [ <
— Max Propagation % Length TC 0.5 (&% /&
— Initial Step Length % Cell Length T 0.01Z 3% &
— Integration Direction % BOTHIZ &% &
~ Line Source ZENL, mEMBELHRE

Properties | Display | Informatio

Appl Reskt| | % Delete| | 2

\ectors U -
Max.
Propagation Length [zJ(0-5
Initial Step

v/ (0.01
Length Cell Length | 0.0
InFegrgtlon BOTH =
Direction 1
Max. Steps 2000
Term. Speed 1e-12

Integrator Type |Runge-Kutta2 | |~

Minimum Step
Length

Maximum Step
Length

Maximum Error | 1e-0¢

Seeds
Seed Type Line Source -
%| Show Line
Point1 |0.05 0 0.005
Point2 |0.05 0.1 0.005
X Axis
Y Axis
Z AXis
Resolution 21 |

-

2.8 Stream Tracer 7 4 WA DINT A —X )N ))

2154 REDRE

IT, BTCORNVDFEERIZBS72DT, 1 EDVNIWT =T VB EHMFFT 57201213 2.1.1.4
TIRRZ KD I AT Y TE2EDIZUBRITIURNT FXRA. deltaT % controlDict 74 27> a3+ D IZ
TO0.0025s ICHELEL LS. WEETIE, 74—V RTF—XEZBEEDOATY THBOE & TORFH
MECHN T2 HEEZRUTEE LAY, SEIKXEEOFRERETT -2 E2EET 2 HEERL
THEU & S. controlDict D writeControl ¥ — 7 — R NIZHEWT, timeStep TV h V) TREED A
T T TH T 2RO I, runTime Z{Hio CHEIEDHERMZBE L CHEZHITLIZ N
TX%9.

DT —ATIE01ZDOHNZEEELUET. LA ->T,writeControl % runTime (, writeInterval
ZOLICRELELED. Z0DEDI2FT22LT, F—RAFHWAY Y aTOff%E ANZMEL UTE
HBEIFUHDDT, EEREBIZPORT 2 ITIFET RO REEZ TEAEIX LD TY. LAaR-T,
endTime I 0.7s TEWTL & D. ZNHDFENELWZ L E2HERL, 7T—AZMRFELEL &£ 5.

2155 N oISy R7O€RELTIA—REFHT
icoForm Z2\w 27 759 RT7O0v AL UTENLUTAT, BRNEHEZ2BTR2ZENTES
£ log 77 AMZHILEL &S, cavitiyFine T4 L' 2 M VIZBWTRDIY Y REEFLTL
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29 FvVYrair—A0FE

72X

icoFoam > log &
cat log

2156 FEERLAvIallLdRIMLTOY b

B DF LT — A IARERIZILH R S Pipeline Browser (IZH N2 MODEY 22— THD DT,
ParaView CRIFHIEE D r — A% 2N TEET. A TAHERI LITIX, ParaView TH LW —
ARFITDE EITE, BENEZT PR TE2EL 7 7 ANEATHIBENDY £9. L1,
OpenFOAM IZBWT, ZA2 D —AFREDT 1 L 27 M) REEDFIZHHE T U TEED 7 7 1 Wiz
RAEINFT. R G1EE UT, paraFoam A2V 7 N D3 HENIZHEET-.OpenFOAM D372 &3 —
T7AINVEERTDZLIZR>TVWEY. T RIT, cavity 7 —AEY 22—V cavity. OpenFOAM
LHIITOENET.

ParaView A D r — 2574 L7 "N) 2T 720 ELIE, TDOEIBREI—T 71 INVEERT S
BENRHY £F. 22 ZIE, cavityFine 7 — A& HAAD T, IXY ROV TR TROLSIZHA
TUTT77AIVEMERLET.

cd $FOAM_RUN/tutorials/incompressible/icoFoam
touch cavityFine/cavityFine.OpenFOAM

Z5 UTFile A=a2—%"5 Open Data 2 #ATT « L7 MUY —%72 ¥, cavityFine.OpenFOAM
%ERZ LT, cavityFine 7 — A% ParaView IZGiA A KD IZA YD £UZ. I T, ParaView TH
BIRAY Y aADFERONRT ML 7ay N2EZ 2N TEET. FARFICHFDT —AD glyph % 7 5
NdEHITIZT25Z2I12&>T, cavityFine 7—AD 70w N& cavity 7 — AL HIRT 2 Z &R TE
9.

2157 UZ7%#<

OpenFOAM 1%, HEDAAFEEHH LT 2RO T T 7IZHIE L 72\ BED T — X DOHEY Hao
WREDTWEY. TR 28 ETE-0DRNEI—T 1) T4 BE8bHY, HMAGHE% foamCalc
WEOTHAEGDEDZENTEIET. ROEIIZA—T V)T 2BELTEITLET.
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Display /N % )V % B <

Line Series 7 5 Ux % JZ R ——

arc_length % PR —
Scatter Plot % jER

Properties isplay ‘ Information

%) Show Line Series in Chart

Plot Type Scatter Plot >
Attribute Mode o Point Data v
X Axis Data

Use Array Index From Y Axis Data

® Use Data Array arc_length >
Component Distance
Line Series
Variable Legend Name

% Ux W Ux

Uy Uy

Uz Uz

p p

U: Magnitude U: Magnitude

U X U X

uy uy

Uz Uz

original_coordinates original_coordinates: Mag
original_coordinates: X original_coordinates: X
original_coordinates: Y original_coordinates: Y
original_coordinates: Z original_coordinates: Z
arc_length arc_length
Enable Line Serie

Line Color

Line Thickness 1

Line Style lid

Chart Axes Bottom-Left
X210 77 7EKDZHDT 1 —)b RER

foamCalc <calcType> <fieldNamel . fieldNameN>

&&EE%%%ﬁ?ﬁ”é<ca1cType>C:tiaddSubtract,randomise,div,components,mag,magGrad,magSqr,
interpolate ZfiE T H I LN T I 7. <calcType>DV A b %& R A ITIE, AR AL %
FERTDHDIETIZITI— AV =V L EEIIRZIENTIET.

>> foamCalc xxxx

Selecting calcType xxxx
unknown calcType type xxxx, constructor not in hash table
Valid calcType selections are:
8

(

randomise

magSqr

magGrad

addSubtract

div

mag

interpolate

components

)
comonents 3 & U'mag M calcType IF AN 7 HEZFHHT D DIZHEHTY. 7 —AIZT “foamCalc
components U” ZEM 9 &, ZWRZIDT L7 M) MRSHEEDNT MG E GRS, FT 1LV K

DIZEB AR DA T U, Uy, UzZ2HIHUET. FRRIC “foamCalc mag U” &IF&KHRFZID
TALVIMVIZAN T Ynagl # EZIAAFET.
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foamCalc & cavity & cavityFine DEH HITH U TEETTEIIENTEET. HlE L TRDEDIC
ASIU cavity (IZ0 UTHEITUET.

foamCalc components U -case $FOAM_RUN/tutorialsl.5/icoFoam/cavity

FTNENDIVIR—3 Y b2 ParaView N TV 2 7 & UTHEII N ET. fHHIZ, B, ULireINI
IR DOFHENTELDT, L TEEURANNERRENTEET. LrLUAYS, HAKHEIC
75 7 % EET % 7% 51X gnuplot X Grace/xmgr R E OFEHD 75 Tl 7 N &> THET—4»
SEHT2DNENTL LD, THEfFDITIE, 223THE1F6.5HITARS sample 2—F«1 ) 7«
25> L ZTUL LS.

il %3202, FrU<ERINZ U, Uy, UzDT —& % ParaView IZ5i A EE 2 BENH Y F
T, MFEZ LTV EADEY 2—)b, ZDHE cavity.OpenFOAM D Properties /S 3L D EXRIZH
% Update GUIARZ V%2 F v 7 LU ET. Apply 227 1) w2792 Z LT Vol Field Status 71 > R
WCHLUWT—Z0NEARAENFET. LT —XDERNEEFDOWEHAZMRL, BERS Apply 2%
S—EZ V) w7 UET. BRI Region Status SR IV TE NI NT VD L BER AR D T — X Hfif]
MAEGNZATHONTWNET. U72A > T movingwall X fixedwall, frontAndBack ¥ - 7z Region
Status /3R IV D/ FOER & fRR L CTEHEZ#A L 7.

X T, ParaView T/ 7 72 KR UTAFELED. FTIHHUAZNVEY 2—)VEEIRL, Plot Over
Line 7 1 L& % Filter — Data Analisys 2 53ZR U £9. 3D View V1 ¥ RUDEHEIZH LW XY Plot
A4y RN E E9. Properties 7 ¥ R TROIK S % F8E T 5 & Plobeline &Y 2 — )UAMERK X
NEYJ. ZOHITIX Pointl % (0.05,0,0.005), Point2 % (0.05,0.1,0.005) & f8&E U THrZ FEIRKD i
DEEIZHEE £9. Resolution 1& 100 £FTHETET 7.

Apply 227 Vw7 §5 & XY Plot VA1 ¥ RUIZT T 7H5EINET. Display /3% )LD Plot Type
% Scatter Plot IZ8%% L, Attribute Mode Point Data (2L £9 . Use Data Array & 73 3 > ®D
arc_length TX 7 — A NF v &7 1 DEMN S DFFHMIZRY £7.

Displays 7 ¥ R ® Line Series SR UNORRT DT — A% RINTHIENTEET. XRIN
TWRBANTHDY AMNDE, XZ MVORIIPEDZEL T2 ETEET. D&V, Ux
% foamCalc MO EATIHEIZH Y FHA. TNTE, Ux AN DRFIOERIET NTHEBRL E U &
5. BRU 2RO EOMNAEOEIFROETT. ZDOETXTINI )Y 7% THILMHRICEFET S
ZEMWTEET.

75 7 2T 21TIE XY Plot BAZEINLET. W=V LRI 57 LIZHLIRETHZ Y v
U TA=a—»5 Properties Z#IRU £9. KD X A MV ADHKE%E T S Chart Options 7 1
VRUMNKRRINET. BEDA =2 —FX T2 1) w7 % LT Layout and Tytle {29 % Z & THLK
TRIENTEEY. 74V ot WHOMNE, HOMEDFMHPHIE LI &\ 2 7ET D
ZENTEET.

4 2.11 % ParaView IZ & > TIEE I N2 TY . BAEBY DY T TBER TS 9. [X2.11 I3
D7 7 a & UT Standard type of Notation, Specify Axis Range % 3#{R U, 7+ > & Sans Serif
D12FKA Y NTT. ZDT T 7IFHTERRALUTWET A, Display 7 1 > R T Enable Line Series 7R
RVEANCTNUIMTRRTEET. HE:BLIDOREVY, TV —RRTEIOREIZZ>THY
725, Line Series /N3 )V T ENMNEE % HIRTIVUXERIZR Y £97. Enable Line Series 7R &% > % i# R
U THIFIE, Line Style X Marker Style £ 1 —H DIf ATHE T £ 7.
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1.00 1
0.757
0.50 7
0.25 7

0.00 1

@9,
0, %og,
0o,
nnnnnnnn
CEPY o
nnnnnnnn
nnnnnn
nnnnnnn
nnnnnnnnnnnnnnn
nnnnnnnn

Velocity in x-direction, Ux (m/s)

0.00 0.02 0.04 0.06 0.08 0.10
Distance from cavity base, y (m)

2.11 paraFoam TD V' < 7{EX
216 AfEXvIa

RO, IEVWROE &BIRU 2 BUEA X — LA THEINDI I E WRE S ERDHEETHET.
Bl ZIE, BEVIZD7 o ZBEOMBLEITE D SBUEA F— A1, EUWRBEEPREOEEIZU 2
EERREZES ZENTEEYA. HIZITARDOEINRE KENWE ZAD &S RIE U WEIKRIE S
H—BREIHNDHERCTHEAITIRORILK AV ET. BIVORIIIH-T, EETHDLUET.

EABIEE ELY 0 S BN fROB DO EEF FRATE B L WVWNTY. RIZ, BEENRDKEL
BHLIAETFHUL, AvYalEilAiz D, ZRE/NIVWRIININSDHEBIZ<DEIITLET.
FY T+« DGE, BOES THEDRKIWEALHEZLE2FHTEXLEDT, Fa—hMI)TILDIZ
DA TIX, AVTaANIDMHEKT, EVNILKBDEDICHARMTIUET. AUBORIVEMHHT
52812&oTC, aVEa—RDAMEDZTYEMIETTIZ, LVEEZ2 EIFonET.

lid-driven ¥ ¥ &7 « FIED 7z DIZEEIZ M > THEL Z AT 7220 x 20 RIVD A ¥ 2 % FY), 2.1.5.2
DORIPNAY Y 2 DFERZHIAGZMF L UTHABRMNS T INAZAY Y 2IZHHALEL LS. £UT, 4
MIFINZAY Y 2DFERER DAY Va2 DR UTAEL & D, blockMeshDict 7+ 7% 3
FVDOERZIFETEHEETHDEDT, Fa—MI)TIVDIDOEZ &M >72r—A (cavityGrade) 13
$FOAM_RUN /tutorials/incompressible/icoFoam 74 L' 7 N D IZANTHE X £ L 7.

21.6.1 AfX v 1 DR

ZZT, WODRZZAY Y aAMROFHEA Y Y adGFHEMEEDO E READ T Oy ZIZHEL R
£F9. ZOAvYaDTOY IHEEEN2.121TR0UET.

cavityGrade @ constant/polyMesh ¥ 75 « L 27 N 1) T blockMeshDict 7 7 1 V& {5 Z L IR T X %
9. D78 blockMeshDict DEEZREREZLARNIZHNE Y. Thehd 7Oy Zika A, y KK
2108V 2EL, 3oL ERIBVNEE DL ENI RV EDREIDIIZ2TT.

17 convertToMeters 0.1;
18

19 vertices

20

21 (0 0 0)

22 (0.5 0 0)
23 (10 0)

24 (0 0.5 0)
25 (0.5 0.5 0)
26 (1 0.50)
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6 7 8
15 i 16 i 17

@ @

Bl | 4 5.
12 i T3 ; 114

© i O

J x 1. 2i

)] S e L
‘9 10 11

X212 FY T4 —ADOAEAY 2D TOY 7EE (T0v 7&KS)

27 (01 0)

28 (0.5 1 0)

29 (110

30 (0 00.1)

31 (0.5 0 0.1)

32 (1 00.1)

33 (0 0.5 0.1)

34 (0.5 0.5 0.1)

35 (1 0.5 0.1)

36 (010.1)

37 (0.5 10.1)

38 (110.1)

39 );

40

41 blocks

2 (

43 hex (0 1 4 3 9 10 13 12) (10 10 1) simpleGrading (2 2 1)
44 hex (1 2 5 4 10 11 14 13) (10 10 1) simpleGrading (0.5 2 1)
45 hex (347 6 12 13 16 15) (10 10 1) simpleGrading (2 0.5 1)
46 hex (4 5 8 7 13 14 17 16) (10 10 1) simpleGrading (0.5 0.5 1)
a7 )

48

49 edges

50

51 )3

52

53 patches

54

55 wall movingWall

56 (

57 (6 15 16 7)

58 (7 16 17 8)

59 )

60 wall fixedWalls

61 (

62 (3 12 15 6)

63 (0 9 12 3)

64 (0110 9)

65 (1 2 11 10)

66 (2 514 11)

67 (5 8 17 14)

68 )

69 empty frontAndBack
70

71 (034 1)

72 (145 2)

73 (367 4)

74 (47 8 5)
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75 (9 10 13 12)
76 (10 11 14 13)
77 (12 13 16 15)
78 (13 14 17 16)

79 )

80 )}

81

g2 mergePatchPairs

83

84 )3

85

86 /[ Rokskokskokokokok sk ook sk ok ok 3 ok sk 3 ok 3k ok ok 3 ok sk 3 ok 3 o ok 3 ok sk 3 ok 3k ok ok ok sk 3k ok ok ok ok 3k ok sk ok ook sk kok ok sk ok ok ok ok kk ok / /

WD 72 A Z DT —AD blockMeshDict 7 7 1 )V aEEL THIFIE, #&IZTI~¥ Y KT 4 U5 blockMesh
FEFTEEY. 212 IR U 2 paraFoam 2 (#4252 L THEMT I INAZAY Va2 /D &N
TEET.

2.1.6.2 FERME, BEXTYy 7TOZEER
Eo L MO NI WL EFEICH TSI 2IZRY, ULAEWoT, 2114 TRUAEEDIZ,
E0LEEWI =T VAP EEICEH T IMIAELET. ZOEHRIENS EHIZH TS ILDOK
SXZRMED 2L, AT —AICTHYBRMATY 725892 ETHENTT.
—BRTRNAY Y ablilZFH U T35, blockMesh IZIRICEIT 285 % £ H W TRILDK
FXZBEHLET. BEXLITH-T, BHEBRBEORIVEDRIZ, R D nlHDFEXVNHETH
5H51E, EoLENIWVEBILDOKREXIX, ROLHIZEZALNET.
r—1

Axg = lar — (2.5)
ZIZT, rizddELORIILZOBOCILIORIILDLTHY, RATEHEINET.
r = Rt (2.6)
ZUT,
R for R > 1,

1—rt4r1 for R<1.

cavityGrade 77— AIZEWVWTIX, ZAMDOEILVOEKIZ 10 THY, £ oL ERIBRIVE/NIZRILED
ik 2, 70w 7 otk 0.05m TY. LAEB->T, 22 8/NIAREIY A XL 3.45mm &R F
. A (22) BOKBATY T, 75 —VEE1IDTIA S 72012 3.45ms BAFIZ U AT AUER Y
FXA. BEGIHNFERZED 720121, K AT Y 7 deltaT % 2.5ms TR U, writeInterval
240X UET. NI VMFFERIZ01s THIZEBIHINDI LR £

ZOESIT, EREICHIGUAZT 7 ANVERETLZILIZEY, FT—2ATFT 7Y a)) O&HESR
HEEFETLZIENTEET. ZITRHEAVUEERBOZESHUZEIMEL 2R LIX, /cavity-
Grade/system /controlDict 7 7 1 VNIZZNHDINT A =R IFD LN TH Y, (FEDOTT 1 XTI D
77 ANERSZEMTEEY. RITERALEDIZ, FREZNERIELZODHRIEL LT, Z07—
ATIIRERIA T 7 deltaT 1% 0.26e-3 12, writeInterval |£40 & U FT.

startTime | T D cavityFine 7 — A DM B &M, T8O 0.TICREINLILENRH Y £7.
cavity & cavityFine 2’BiE I N2 TR DO T KINKH I E 25 720DI21E, cavityGrade 77— AD 728D
DEFTREZ 0.1s IZFE, 972805 endTime # 0.8 L U T
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2.1 KHEHOXFY YT+ HEN 39

2163 f@EiTBEO~YYEY T

2.1.5.3 1285 & 512 mapFields Z{#ifH L T, cavityFine 77— AD & 245 % cavityGrade 77— A
DAY AZIVEYTUET. AFD & DT cavityGrade T+ L 7 MV IZAY, mapFields % %47 L
TL I,

cd $FOAM_RUN/tutorials/incompressible/icoFoam/cavityGrade
mapFields ../cavityFine -consistent

S, T—AT 4L 27 M) 5 icoFoam 2FEITLET. TLUTC, FVAALEREE=X) VI L
F9. ZULTC, ZOTF—ADREIZINHLU 28R %2 AT, DARNIZ 2.1.5.6 &£ 2.1.5.7 TaxbBi L 720 B]
W= )& fFio THDOFERL HIRL £7.

217 LA JIZXHDIEXR

INFETHN 2 —2F VA I VAN 10 TUZ, ZAUIKRBIENEETHY, ULdioTHFr e
T A DJEFHFRIANI R K% LD DAT, R ICLEMREES ZENTEELA. UL, 22T
LA JIIVAEE 5012 EIFd &, IoRE% 55 DIZE ) RORMAZ TS5 Z 21220 £9. 22T cavity
T—=ADAY Y a kP UTHHTE2 2 UET. cavity 7— AT 1 L2 NV % cavityHighRe
EWVIHHZHTIAE—LFET.

cd $FOAM_RUN/tutorials/incompressible/icoFoam
cp -r cavity cavityHighRe

2171 &MWL\

cavityHighRe 77— AZ A V), transportProperties 74 7> 2 ) ) % fHEL ET. LA IV A% 10
FRZIINXE 2 720021%, BRMEREZ 100D 1 FTREOTHENH YD £ (FIZIX10025). Zh
T cavity 7 — ADETFERN S ) AZ =ML T, ZOTFr—AZ2EFTTEET. ZhE2FET 352012,
startFrom ¥ —"7 — R % latestTime 24 7Y a v ez 52 &12& Y, icoFoam I&, EHr DK
M7 L7 M) E2YT—Z e UTHALET (BlZ1X0.5). endTime 1k 25 IZFREL, AT — A% {F
FLET.

2172 d—ROET
FTET—AT 12 L7 MDD icoFoam ZETL, FVEALAERERET. NI TS5V RT
VaTdwEFTHLEITE, BLFO UNIX a7 Y RAMERTT.

nohup I—HWOV7 U MEEKELEITD IV R
nice =N AT Va—50OVaTdOBEEMNEEZS ATV R, =20 DRELT, 1913HE K
MBS,

Ihonaxy R, HlIRE, =RV E—RIVVTT—A2ETTEIDLOEREL, HEIZ
ALARLSTEVWNES RS, VE—RYY VT ;t’7‘~7\%ﬁ’5:3‘0i‘)@%fsﬁfcvéw\’cbck973%
ZTD &S BGEIHERNTY. T0HE, 2—HFidnohup IVY RTHEHL TSIV E—bYI %O
7R TYaT2FETUKITDHIEMNTEET. —F, nice IFMBEEE 19ITHEL T, KL
12, MFDOESIZav Yy REFEFTLTAHAEL LD,

cd $FOAM_RUN/tutorials/incompressible/icoFoam
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40 2w Fa—hMUTI

nohup nice -n 19 icoFoam > log &
cat log

BRODEINE ULNFEEAN, BHBRDOMMN 15 Tld icoFoam i, EE UDFENIEEF>TE, ThEVE
ToLRWHE UMD D ETHE p DEMHEE UKIT TV E LA, EBRITIX, icoFoam A3\ >
7=Ah U DEHRZE XD, p DHIERAD fvSolution T 7‘/3‘)“)'( SE I NFAME GEEIX107°) %
TED &RERPBEIPER T SDT, 74— K - BEWS AT« L7 MVICESHU
TEtRZIEDDZZENTEET. HlE LT, caV|tyH|ghRen T—ADPIRD log 7 7 1 V& LA NITRU
F9. RUEEEY, 1.62s BITHEIXTTIZPORL, YIHOENERAFNI LAY £9. logllHB
T No Iterations 0%, UDFIEMNILE>~ZZ L ERLTVET.

1

2 Time = 1.63

3

4 Courant Number mean: 0.108642 max: 0.818175

5 DILUPBiCG: Solving for Ux, Initial residual = 7.86044e-06, Final residual = 7.86044e-06,
6 No Iterations O

7 DILUPBiCG: Solving for Uy, Initial residual = 9.4171e-06, Final residual = 9.4171e-06,
8 No Iterations O

9 DICPCG: Solving for p, Initial residual = 3.54721e-06, Final residual = 7.13506e-07,

10 No Iterations 4

11 time step continuity errors : sum local = 6.46788e-09, global = -9.44516e-19,

12 cumulative = 1.04595e-17

13 DICPCG: Solving for p, Initial residual = 2.15824e-06, Final residual = 9.95068e-07,
14 No Iterations 3

15 time step continuity errors : sum local = 8.67501e-09, global = 7.54182e-19,

cumulative = 1.12136e-17
ExecutionTime = 1.02 s ClockTime = 1 s

= o e
0w 9 O

Time = 1.635

N =
o ©

Courant Number mean: 0.1