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Copyright © 2004-2011 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 openfoam.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
WARRANTY; without even the implied warranty of MERCHANTABILITY or FITNESS
FOR A PARTICULAR PURPOSE.

OpenVFOAM-2.0.0


mailto:office@opencae.jp

P-3

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 non-
commercially. 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, be-
cause 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 Doc-
ument 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 noth-
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ing 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 com-
posed 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 other-
wise 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.

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
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2 VERBATIM COPYING P-5

“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 pub-

licly 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
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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.

o

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 Docu-
ment, 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
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“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
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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 docu-
ments 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 trans-

lations requires special permission from their copyright holders, but you may include
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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 “His-
tory”, 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 dis-
tribute 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 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

I-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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EEIENFET. AERER AL TERE ANZEZDZZLI2LY, MFDESART
DEEMNEOLNET.

T Tor T3
T =Tj= | T Toy Ts (1.2)
T3 Toz Tz3

FE: V73U EOTVVINHET S Z L IFIERIZENARDT, £ DgE, 7
VIODFUVIVIFHIZ TFV VIV L RIENET.

S22 (&R [RFRL &S DIE, AL, 2F0D T, =T; THhd %
FUET. ZOBE Tio =To, Tiz=Ts1, Tog =T RDT, M RERIL6HZ
2B Ed. AT YN THIUXIME LY 6 HOEZEEZRGFETDIEOINAEY
ZHIFTELDT, OpenFOAM TIERFRT >V VIV EIENFRT >V IV & KHI L Tk
WET., FERHRANZIIBWTERTSIEEALDT VY IVIEHIRTY.

Sv93 21HDEREEL, RERLTIE Py, EFTEIA, A (L1) D& I8
RUED TR LIERFICESRY £7.

S0 3 (Jf) TV 7 3ONFET VY IVIE, OpenFOAM Tld Py = Py = Py =
Pjii = Ppij = Prjs LU TERINTEY, LAEP>TI0HEOMSILZEEZE D
F9. ILHITHEIZVZIE, ZHIHELW=2DXRY MLOAEIZE>TDL 5
NET. ARIZOVTUX L34 HTHERSNTWET.
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1.3 T UVILOMREEE P-17

121 FYVYILRE

AFIE, 2] 3IRoT & R S 2 B EHE R AR AORMEZ D, BulfEkik 5
B32EDTY. TN, HBTHY) BV OHMER, HEAORILLGEZEALTE
ZEPAHRTT. ARERZEVRTVEIIZTIICNE, AHNTEZEOV AN 2EL &
DY, TNERIZT VY IVOBEREDONZ—D2DEDTRILTDI I ENBRETT. I
ZTC, H6WETUVIVEHEAD, BEEZNTNIERTLIHEETEAL T YV IVAKIZH T
B THD, L2 EORKXTLIETHDINEITT.

ZOWVIDIIT, TOXETRI VI 1UEDT UV, TRDE AT UNDT T
DT VIIVZDOWTIET VY YILREEZHHL, KFT, flAIEaDESICRFTLLET. Z
NE—2ODY VY ARILTERIN, EEIZAVT NTHBEI N, TNEAKT—ODGELE
EUTTUYNEHELRILSRY Y. REEHITDETE, RFOYVRMIET YV
0 THBNZEIXHLNTTN, TDOT7 VIR F G ANV LT, LhLA
M5, YURIVERNWIMAOYMEEZRL THE00bnt, EEIIZZS VY I2EDNED
T, EBRICIFZENZEMEICZY) FEA. HIZE, RABIIHEU B2 107V
THdIEerEH>TWET.

W AIE, RIDHEOERN % F4Mi 42 & o LEARZ S, T2V IVOMENEE
MEEFERAIZES>TE LN, DEVRYZ Mba B THHEIT 20 STHEU
NI MV THdDILTY. 7UVIERRE BERIIETIERZ VSO IWVEEHRVDT,
ZDAVETMIEL>TVET. L»L, oK, 22 Ea DEDITT VYV ILDRES
fEB DERIF BRI BEIERDEN Z R L TCLEVET. ZOEF U< BAVEERIE, —&
TR, DFEY BERIIKGFETIHOMAGDETT VY NBRREIND Z &2k £7.

CIFWVWAARETIE, FIZT VY INEEZ RS ERIZEMRT 72012, 1.2HTRNZED
BNTRAE LS EIAVET. RFREEZAVDIERIZE, FMOBNEZRALEY. Zh
X, —DODEIZFRIUREN 2 [ENZL, TORFIZOVTIEELYTI2ETORT, ~L
ZIX1, 2, 3%&Y, TNHDOHNZELLWVWOIEDTY. 2 XXXRDOEDITRY £9.

3

a;b; = Z a;b; = a1b1 + asbs + asbs (1.3)
=1

REVRVIBINZOMEEERTLHDT, TOXETIESHE, i Y FEAKBLET.

13 FUYILOREES

ZOHiITIX, OpenFOAM CTHIHTEZ TV Y IVORBEERE # TR THALET. £,
Eo L EREANRT VYINEEEZBILWLTHIEL LS. A, WE, TLTANT
OFHELRHETY. MBELREIL, Tl EHEEMOWM G2 ZL, BWIZT Vv I70%FL
WTFYVILES LI TEKZE L ET. ZUIT VY IVOEEZNTIUIDOWTHINE -
BEZITO5EMETHY, 221, Z2ORTZ Mlba bbbk

a—b:ai—bi:(al—bl, ag—bg, a3—b3) (1.4)
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P-18 W1 7YY IVRCE

EBVET. TUVINlZANT s 2T DRREE FERICATHI RS 2L, TV
VIVDERTNTUIIAN T & RUDIIETY. L X, ROEDITHY £9.

sa = sa; = (sai, saz, sas) (1.5)

TV a AN TDOREIX, AATBEADE 25[MEBR>TNDIL JIZOARKE L
LEG., OFY, ROELEYTT.

a:az‘:(al gz as) (1.6)

S S S
INLEDOF TR D FEUADEEIX, SV 1M EDOTYVILES LD, X 5IZEM
BEOMHAELE L >TVET.

1.3.1 HWi&

NEEIL, V7 rm rDEED - DOTUINET VT r=ri4+1r9—2DT VYV IIZ
TEHEETT., IV I3FTOFVVYIONBEEZUTFIZRLET.

o ZODNRIZ KMalbDOARBIAHTHY, UFODAANT s=a-b%DH)ET.
s = a;b; = a1bs + agby + agbs (17)

o TUVYNTERIZNMNVaDHBEIIRIZ Mb=T-a%22< V3. ZHiF, AP
FTWEDIHART ML TEL L, UMFOEDIZHRY 7.

Ti1a1 + T12a2 + Ti3a3
b = Tija; = | Tora1 + Thoas + Thas (1'8>
T31a1 + T32a2 + T33a3

ELT PRAMTAIINE, b=a-T=TT-alFAFO L2280, ZOEBEILA
BmTiEHY EEA.

a1Th1 + a2Tr1 + azT3;
bi = a;Tj = | a1Tiz + agTo + a3Tho (1.9)
a1T13 + a2Tr3 + azls3

o« TODTFTVUINT E SORREIE, UTOEd> BN e2E>7 YNV P=T-8%
< ET.

Pyj = Tix Sk (1.10)

ET-S=(ST.-THT 22y, FEAHTT.
o RIUKNVal3BOTYVYILPOWNEE UTOIIBESZED2OT VIV
T=a-P%><1YFT.

Tij = akPk,;j (1.11)
RED INBIETIT, T=P-aldROELDITRY £7.

Tij = Pijrax (1.12)
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1.3 T UVILOMREEE P-19

o 2BOTFUVINT LE3IWOTVYVILPOREIE, UTDOLEDBENZ2ED3IHOT
YINQ=T-P%>< 7.

Qijk = TP (1.13)
XD NIRRT, Q=P -TIFRDESIZ8Y 7.

Qijr = PijiTi (1.14)

132 ZOOFVYIDZERE

TOD2WETFUVNT E SO_ENEIE, ANTs=T:S %2>V FF. ZhlE, 7
VUV D YOOI L THELNET.

s = T3;S;5 = T11511 + T12S12 + T13513 +
151521 + T225922 + 123523 + (1.15)
131531 + 132532 + 133533

2MDTVIINT & 3BOT VYL P O_ENEIE ROEDBREDSZEDRT MY
a=T:P%>< ) F7.

a; = Tji Pjy; (1.16)
CHUFIEAHLT, a=P:TIZRO LD 1T £7.

a; = P Ty, (1.17)

133 ZOD3ETVYVILO=ERNE

ZOD3BTVYNP EQDOZENRIE, ANTs=P:Qe2<VEY. ZHL, T
VYISO 2T ADFOME LTHRONET.

s = PijrQijk (1.18)

1.3.4 A&
ML, ITFDOED BRI MR TFUVILES LOEHETT.

o TODONRZ MlalkbDREIFIEAET, UTFTOLDBEDZEDTVYNT =
ab= (ba)T 22< Y £7.

aiby aibs a1bs
Tij = aibj = | asb1 asbz asbs (1.19)
a3b1 a3b2 a3b3
o NI PMlal 20T YYINT DI, UTDOEIBHI2ED3BDT Y
WP =aT %#2< ) ET7.

Pijk = aiTjk (120)
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b
gl
Bl

P-20

CAUIIEAHAT, P=TaldBLFDELDIZHY £7.

Py = Tija (1.21)

1.35 Z2OOARY MLOYARE

IR AREIFANT MVEFICGFAETZEHATY. 20O Mlba & blZOoWT, IThb
DIOARIIUTDED BT EZE ORI Mle=axb&D< ) X7,

¢ = €ijrajiby = (a2bs — agba, azby —aibz, aibs — azby) (1.22)
I CEMBESIIUATOLIICERINET.
0 WINPT ODHRERENEFELWVE &
eijk = +1 4, 7, kA1, 2, 3DOMEBD L X (1.23)
—1 4, 4, kW1, 2, 3OFEBRD L X

BiEf L 13123, 231 8L U312 THY, aERIF 132, 213 L0321 TH.

1.3.6 ZDMhO—gMLTVVILEE
OpenFOAM Tfibd, X — Ml TRVEEPHMHZEL U FIZRUET.

R TUYNLDEE, THHEEOTVVIVAETERINET. HlXIE, RZ MV
aD"FlXa?=aa TT.

nE TYIYNDnER, THEHHGLOnBOTVYIVNIETEREINET. HIZIEX N
27 hMVa® 3 ElLa® =aaa TT.

EHMERHE T2V IVOFLMEHE, TNEHEEDr TV IO r ENFET, AHTE
BYET. FIRE 28T VYV TICOWT, |T)?P=T:T TY.

HxtE EAMEEOEGRTT. PRI, TYYLTIZOWT, |T|=VT:T TY.
B RIDONT MVIFBEARZ MLe KN ET.

BRARD FEEHRULZRADMEEZEDTVYIVDOERSTT. DF YD RKOMIETI
HY EFEA.

BNKD BANOMEEE DT VYV IVDEKSTT.

BOFEHE T2V IVDTRTOESDEIMETT.

27— iDL BY, AT—IVEKIE, HDTVVIOESERIUTT V7 OMDT
VDD TATr—D VI UET. ZHE=2ODT VYV IVDOXIET 2 k5 F L O
T NEd. HlxE, XZMLadDRZ R VbIZEBATr—D) V7%, BLTFO
EOBEHDONRT N emDLY ET.

¢; = scale(a, b) = (a1b1, azba, asbs) (1.24)

1.3.7 BT EBHMT VIV

QBEDT VI TIIFIER T NV, T80, AEb=T .-a 22T, H2DXY
MlaZBDORT MV IZFEUDIT2B8E LT, BBEICEBINET. o, v, 2 BER»
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SH UWERELR 2%, y*, 2* NOH DT VYV IVDREEAHE UTHET D X512, T Ok
BEINZENTIEYT. ZOLIT2LHMTUIINELIVET. AHTEEHIZL->TE
BUFEEAD, RTZ MNlalk

a"=T-a (1.25)
DESITa* ITEBMINET. 2BOT VYL S I
S*=1.8.T" (1.26)

WS> T T \ZEBINET.
BT VUVIVITIE, 2TV VINEZTNEHEIIEABTDI WS RMENOERINET.
FRTOXRYZ M alZ{ LT

a=1-a (1.27)

ey, DFY

00

10 (1.28)
0 1

ERVET. ZIT, 65 R7BRXYA—DTNEELTHSNTVET.

1.3.8 @EfaaTFrVILDiEER

FEIFREEXZLUTNIRUET. INh61E, BET L3N TOMDAFEE L Tl
THDIEWSIREDEL L TIHHATEEY. ANT s NI MlaBLUbEHNTERILL
TWVET.

(an

x (Vs

sV.a+a-Vs

)
)
V- (sa)
X (sa) =sV xa+Vsxa
V(a-b) X (Vxb)+bx (Vxa)+(a-V)b+(b-V)a (1.29)

x b)

x b)

)

) =

V- (a
x (@
Vx(Vxa
(Vxa

b-(Vxa)—a-(Vxb)
a(V-b)-bV-:-a)+(b-V)a—(a-V)b
V(V-a)-Via
a-(Va)—V(a-a)

ATFRLOBAZEHETD L EIE, UTD e dHEXZH>TNWD LEIDIENDHY
7.

€ijkCirs = 5jr5ks - 5js5kr (1'30)
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H
I
i

P-22

1.39 2TV VILEEDEE
PIRIRT &SI, 2TV VDD 2 I8IET D R4 REENH YD £7.

gmE X (1.2) TRUAZEDE, TYVYNT =T, OEEIEZTT =T;, TT.

WHT U VILEE (REM) TV 120TRRAZEDZ, T =TT O &Sm0
NIRRT VYNV ERT VYV EOFET. BTV VILE UL IBRYFRT
VIIWET = -TT ThHY, URT1 =Te=T3=0RDFT. H5PD 2
TUVIVIE, AFRDESIZR/IRT VIV EET VY IVIIRETEET.

1 1
12:§T+1@}+%T—1ﬁyzwmmT+s@wT (1.31)
NERT vV ETVVIN

ML= FTYYIVTORNL—RAIHABTOMBMNE LS ANTTY.

tr T = Thq + Too + T3 (1.32)
MNE 28T VYN T OXNMRD 2T e 3257 MUVEERLUET.

diag T = (Th1, Tho, T33) (1.33)

RETVVYINEBKETVVIL HEWE2WTUVYINVTIE, tr T =0 &R RAKD &,
AT sITHUTT =sI ERBEKERDPIZHETEEY. HOWD 2TV
Wi, UTFDESI@ET YV IVEEKET Y IVIZHETXE9.

1 1
T=T- g(trT)I—l— g(trT)I =devT +hydT (1.34)
—_———

N——
WZ&ET >V HoKET >V b

75X 28T VYV IVOITSIRIEAFTERA O NET.

T T2 Tis
detT = To1 Too T23
T31 T3 T3z
= T11(TooT33 — TogT32) — Ti2(T21T33 — T23T51) + Th3(T21T32 — TooT31)
1

= geijkepquiijqur

(1.35)

KRF TUVINDDHDIEAWET D172 BRNTTEZEHS % 2 x 2 D5 E
ULCEMliL 22 D%, TUVILDZTNTNDEDITNTZ/MFARENET. H
ZIAE, Tio (2R 2 /MTHIRIE

= T01T33 — To3T3 (1.36)
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ERVET. RETF LI, TNTNORSOMEIZG U T NDIL =V TRSA T
U7Z2/MTHIATT.

i+ BB D I +

i ) (1.37)
i+ BEEESIE -
T ORKNTFIELLTDO LS I8 £7.
cof T = %ejkreisththT (1.38)
Wt TYVIOHTIIL R CIHMi I N E 7.
cof TT

invT = T (1.39)

Ry IR TUVYNDRY IR LIE, AFOLS RS %E DT MVTT.
*T = (T23, —T13, Tlg) (140)

1310 RAASHEHADERE

OpenFOAM X, AH T %D F<HIOENZBEEDIFEALYZYHR—FLTVWET. HlZ
WESETHR, FREG WK, IR, RERET, INHDD A RDE1.21ZHY £9. OpenFOAM
TlE, INSHITIMATUTRD 3FHEEOBEBEEHEINTVET.

HEs ANT7sOFEIEIMUTDOLIIZHBELNET.

oL sz00rE o
sen(s) = )
g -1 s<0D&x

EH ANTsITHUTUTOELSIZH/EONET.

1 s>0D&&
pos(s) = (1.42)
0 s<0D&E

BIR AHT s DAAT nIZLBHIRIEATOISIZH8Y) 9.

s s<ndD&X
limit(s, n) = (1.43)
0 s>nhe X

1.4 OpenFOAM DT>V IVLY Z R

OpenFOAM (21, INETIZABNRNEZEDI BT VIIBFEDZOD T 7 A EZEAT
primitive W5 C++ DI T AT 77 ) MdY £9. OpenFOAM THEMERIZfE X 5 %
RKFVVINI S AZEILDIHELET. ZORIET VY IVOMEINDRSICT 72 AT
57-0DEE, VbW T 7 ABEKENELTHY 7.
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P-24 B1E FTUVIVEF
% Z2 i) BRI 72 AR
0 ANZ scalar
1 N7 MV vector x0,vy0,z0
2 T Y  tensor xx(), xy ), xz(), ...
# 1.1 OpenFOAM IZBIFB2EART VYNNI T A
RN

~N A~
co ot N
O O W

1%, OpenFOAM TIFIXD 17T CHESTETET.

tensor T(1, 2, 3, 4, 5, 6, 7, 8, 9);

(1.44)

T A xz() THD Tis 2F) T, (77 ATEET. HlzlE, a—FR

Info << "Txz = " << T.xz() << endl;

&, AR ZmmicH U E9.

Txz = 3

1.41 OpenFOAM ICH T BTV VILDOREER

1.3 i TR 72T R TOREGHEA L, OpenFOAM D5 >V IVD 5 A LT, BFEDE
FEIC KB MECTRATE 9. W< 22D, HlXIEsymm(O) D& ST, HIZ
SRR B CEREL 294, ZoMIZONTIE, FlIXIE*xD&S REE ST
TIET. IRNTORAKZ L 1212520 £9.

L fii#% PG OpenFOAM TD i
I a+b a+hb

A a—b a-b

AN TG sa s * a

AT T RE a/s a/s

AN ranka,b > 1 ab ax*b

] ranka,b>1 a-b a&b
—HENE rank a, b > 2 a:b a &k b

210 At ranka,b =1 axb a”~ b

S ] a? sqr(a)

S5 A A lal? magSqr (a)
0 lal mag(a)

R n=0,1,...,4 a” pow(a, n)
o YA E i=1,...,N a; cmptAv(a)

I UND i=1,...,N max(a;) max (a)

S UNIYix i=1,...,N min(a;) min(a)
A=) scale(a, b) scale(a, b)
Rl 2 FUVNTIZED a DEMER  transform(T, a)
2TV VILVREDERE

[ TT T.TO

POpE| diag T diag(T)
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P-25

FL—2A tr T tr(T)

T 22 B 2 devT dev(T)
K 3 hyd T hyd (T)
RFRER S symm T symm (T)
ES%a) skew T' skew (T)
1751 det T det (T)
W5t invT inv (T)
A IR xT *T
ANSFEDRE

e (EfE) sgn(s) sgn(s)
EEC (A fE) 5>0 pos(s)
B (EfE) s<0 neg(s)
il R nlIZ AN 7 limit(s, n) limit(s, n)
SRR Vs sqrt(s)
fa exp s exp(s)
EP/ITE 4 Ins log(s)
5 FH R log, s logl0(s)
1Ea% sin s sin(s)
RiK cos s cos(s)
EHE tan s tan(s)
WIERE arcsin s asin(s)
WRIL arccos s acos(s)
WIERE arctan s atan(s)
HWRK arccos s acos(s)
R HH AR IE 5% sinh s sinh(s)
R AR AR cosh s cosh(s)
R i L 22 tanh s tanh(s)
R AR 1 5% arcsinh s asinh(s)
R AR R arccosh s acosh(s)
R A 2 arctanh s atanh(s)
A REH erf s erf(s)
TR R A BE L erfc s erfc(s)
KNI >~ BEEL InTs lgamma (s)
0 RO 1 FEA Jos 50(s)
w2 JVEEE

1 RO 1 R Ty s j1(s)
w2 )V

0 D 2 TN Yo s y0(s)

v X VB

1 IRDE 2 FEN Yis y1(s)
DRI

MR ZNNEY) a, bIIMEET YV I7DT VI

sWEANZ, NIEZT VYV IVERIT D

# 1.2 OpenFOAM 2815 7 >V IV OAEEHRA

1.5 MIERITDEL

AT TIE, YRR DL EINZBATHAINE . FIZEX, HEEIFDTS
A (kg), WRHUISZA A — RV (m?), FEHIEFSAAIL (kgm™s2).
THMAEEHAEIE, FFEEMEZ BRI ETITORTNERY $XEA. K, &, BE, &

BRI R TIRET TV 5.

I o OYELRITN
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P-26 W1 7YY IVRCE

filitkIE X, [FUBRAOYHEIIRN L TOA, YHNLERZE S £9. MERREREDZE

Rk FHT 272012, OpenFOAM IZ2—F23H 5 )5 5 >V IVIZWIELIR 5T D BAL % A5 I

THRIEEHREL, ZNIZEDHEDDT VYV IVEEDOBIZIRTDF = 7 ThbhET.
BN, HIZIEBAFD & 512, dimensionSet 7 7 A TEHINET.

dimensionSet pressureDims(1,

-1, -2, 0, 0, 0, 0);

No. WH& BN k=T
1 HE FOrI L kg
2 KX A— N m
RIS (i s
4 BHHEE ey K
5 YHEE T mol
6 BT TRy A
7T OHE HYT T cd

# 1.3 SIEAGHRENL

ZIT, TNTNDMEIE, & 1.3ITHIZEL 2 STERAGFEBA TN TNOIEEZRL TH
¥£9. ZDI— KTl pressureDims %, £/ kgm~!s72 D dimensionSet £ UTES LT
WEF. §48DDH pressureDims D5 HEFIDOBAIDOEH 11dkeg! KL, DD —11%
m~ ! %KY, REDXSIZTY. BN EIDT >V IVid dimensioned<Type>T v 7L — K~
TATERINET. <Type>idscalar, vector, tensor 2 &£ T9. Z D dimensioned<Type>
&, word 7 7 ADZEES, <Type>Df, T L T dimensionSet Z{&FFL 9.

dimensionedTensor sigma

(
"sigma",
dimensionSet (1, -1, -2, 0, 0, 0, 0),
tensor(le6, 0, 0, 0, 1e6, 0, 0, 0, 1le6),
);

&, EHHEZNIRIELUTUNBRIRILEEDUTOT VY I %ED D ET.

100 0 0
c=10 10 0 (1.45)
0 0 106
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52%
B XL F

INETRTVYIMRBUIZOWTHMLTEE U TaWREE RS G
TYYVIVORME S OZEMICNTMAICETHEDTY. LAad>T, 7V, §
BHOBHEEB L OZEMEOESIC D> TEMMT 2T VAL, REZIET 2 BENH
DEF. ZOETIE, FTIEUOICEBETITNTOMIEEDH AR ZMHL £,
Z LT, OpenFOAM TIXT VY IGEWNED LS ITHEEINT 00, Ih5 DGO
MEED LIS ITU TREANLHHALI N DN EHALET.

R

21 WHEETF
EMBA 2 EHT BN, XY MVFEETF TSV EEALET. BYRETE &
wONET.

) o o 9
V=0i=5, = (a Fros m) (2.1)
> 7 Bk, LFOIN—IVIZRED [FR 2R HETT.

o TUVIVHEMTZ L EIE, BEOLAMIZFMN-T, @EDOBOMT DIV —IVITHE
o TNLNDEE, 77 7 HE FIFMEBEEICBIT @R DN MV EEKICIRD 5D .

211 4

AF T8 s EHZINTWT, EFHMIATRER HIF, s DARL Vs IZELNDAR T bV &
B ET.

0s 0s Os )

_— = = 2.2
81‘1’ 8.’1}2, ({9%3 ( )

Vs:ﬁis:(

HEIEH 5D 5TV VIVGIZERL, —D2 I Y 70EWT Y I NVEEZED £9. B2,
R MWViG a DBEENE, BLRD 28TV IVTT.

8@1/6901 8a2/6x1 6a3/8x1
Va = 0;a; = | 0a1/0xy Oag/dxy Odag/dxo (2.3)
8@1 /833‘3 0@2/8333 0@3/8333



P-28 FH2E B FIE

2.12 HER

N7 MU a BWEFEINTOT, EiHn TR 51, a DFEBIILATDO AN TG L 2
DEJ.

5y = O Oax  Oas
v.a_81a1_8x1+8m2+8x3

FIET V71U EDOH DD TV IBIZERL, —D2 I Y 70/{\WT VIV % (E

DET. HIZIE, 2TV VIVET OFEE, AFOXRYZ MUVIGTT (AP T WL HITF]
R MVIZERLUTERLUTWHET).

(2.4)

8T11/8I1 + 8T12/a$1 + 8T13/8331
V.-T= &TZ] = 8T21/8x2 + 8T22/8£L’2 + 8T23/83:2 (2.5)
8T31/a$3 + 8T32/8x3 + 8T33/8.’L‘3

2.1.3 [OEx

N7 MV a BWEZEINTOT, MO THEESIE, a DEFEEV x a lZEATFOARZ b
WiGER) ET.

— eidja = (2 Qo2 Oa Oaz day Oy
Vxa= el]kajak N (8%2 8x3’ 8%3 8.%17 8.751 8$2> (2.6>
[IHRIE AT D & 5 IZAI & BlEAT I 5 E T
V x a = 2(xskewa) (2.7)

214 STS52F7V

STV T U, BEEMIZIEVZ =V . VDEDIZ, LAz lAEHOETEET
IHHETT. ULLLEBNSTTIIT VL, TUVYNMDT Yo% —D EIF5HEEE —D
TTFRHEHAED ZODDMAEDLELEZLLVE, HETVVINGEERILUT V7 DRIDT Y
VWG EMT 2 —DDHBLFZZDNETY.

FEBIZ, FT IR MVEEFEUTERLZEDIL, 77T UVIRBMTDOLDIZ
ANTHEET LU TERT 2D TT.

0> 0* 07

2_ a2 _
:a = —_a — o — o
v 8:6%—1_83:%—1_83:%

WIzZIE, AT sDIT T3 T I TD AR TIHIZRYD £9.

0%s  0%s  0%s
2s=0%=—— + — + — 2.
Vie=d's 0z? * 0z3 * o (29)

2.15 BEREIMS

T VYV IO IZOWTIFEROEEDL DY £3. HEMS 2RKET L & 12,
ZTDTUVIVIA, BT WDIYEDOH D EREOYIEIZEEL TW\Wd Z &% BT 83
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MH) FT. WEOFHDH D ERIZNIWVEKED D WVISRFOEE 2 BHL, TV VYWY
M ¢ ORI 2 BT 2L 2F 2L, AFD LD ITRRI NS KM DEEMS H
BWIIMIEBIZRY) £9.

Do .. Ad

Dt arso Al
UMNUBRRS, HEEARNY, FIORADZETIE, <0546, EHIICEEINZ 1 AT
¢ DRI LE, TORERZLIZRFPERTDIEDE UTHEL . ZEEAD 1T
D ZDZAbIF 0/0t THRR I D 2RI & KiEh, PURD & 5 ICWER S & BEAT 1
LNET.

(2.10)

D¢ _ 9¢
o =2 TU VO (2.11)

ZZT, Uldiis ¢ OREHTY. HALDOHE 2IHIX ¢ OZALOBIEE L U THSENT
WET.

22 BEBIEDBE

HOMEHAL & 13, FEDBEEADEMZ E®RL 9. AREREE, b L OFRERE
RERESED & D BRZOMDOTFIEE, WITNEFO & D ICHEZ MR L 7.

TRDBEIL MOERBE, VL ORIOEMOMEE 2~ U CXY S &5 BEOES
TEHLET.

EFEOBEE  GEEEOMBIIOWT) KEDEREE, RHEOXMHDNVEATY
DB EL 7.

ZRXOBEE MEZ R T 2 RMD AN S, HEEOETNETNDOMNETEHE I N
HEECERICBIL T, REBNREBEL 7.

22.1 OpenFOAM DY R s &35

OpenFOAM Tld, T—2DEEZHEFLTHVT, TOTF—ZIZH U TREGEED L
DR EHEAT LI ENESBEIZRY £9. T 2T OpenFOAM I, Type DRI % ik
KU Type V7 ADH L P2 ATV =27 hDY ANDAERKRE AIGEIZT DE5 T T L —
N2 Z A List<Type>% 2l L TV E T,

OpenFOAM Tl&, 7YV IVI Z ZADY) A NMIT V7TV — K2 A Field<Type>1Z & > THE
BTERINTHET. I— ROBENEE LV R T2720IZ, HlZIX Field<vector>D & 5
7% Field<Type>®D-A A&V A%, typedef EF I &V scalarField, vectorField, tensorField,
symmTensorField, tensorThirdField, % L T symmTensorThirdField & & XN T W E 7.
Field &5 UORBEHA L, TNODEARUBDEREE2 L >TWD, LW o850 72A0
WRMEDE L TIITTEET. OpenFOAM I, H25L—2DT7 VYV ILEDHHEE Y KR—
FUTOET. HIXIE, U =2.0 x ULWOHERT, ULV Field §RXTOMHEIZ2 WD
scalar Z N5 2 ENTEET.
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2.3 fRNTIREOBRBIL

fER AT RIS O MERAL % [ 2.1 1R U £97. 2SRRI EUE A » 2 2 ICEB kI, £D S
Z TR ARSI N E T, BERSIE, REORIbIE, ATy 7 At D
FUICHEMIZ BRI NET. 20 AL, BEICEo T, BUEEIEFIZEE I NIk
FLTE{ET I LNERA.

X SIZEEZAR L ARV TlE, ZZHOBEBLIZIE, fEkZ2 ERO X IV PREARTIZED ST
SMENHY) . INHDRIVIFHER, TARDL, HWIERDS I LR, #HEETEe
WHIOR UEY. R RE NV EX2212R0 £7.

75 ] I
T
\ L | L
At t
R (] L 3k

2.1 RIS O MRk

2.2 ARABIEOMBILICBEITZ/3F A=4

B Y TOMOYIEEEIL, W TWEILful P CHREINETH, HXO A THRES
NJ3GEELHY 9. BIVIE, —KICfFETNAITINEG LS RHETEAM TSN ET.
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OpenFOAM T, &IV &2 DL SHOLUIHIRIZA <, SHOEEICEHKIZH Y FH
A, ZOEDBFEEOD A Y Y 3@, CVOEPFTED (F 2L EEIZ N> 7)) HiE
232 Ay Y a b KHILT, UEREIEMEE) L XiEnFET. [ERIEEEA Y Va2 FHLL
d— Ri&, SEEORPEMTH > 72 D RHZE T 2588 IR, L TEHBICAY
VaDERXREERITO LN TEET.
FLAEDOYBEIZEINVFLDTERINE TS, CIVOHEHTERINDIEDE N DN
HYET. BLOEHIZIEZDDRAL THHY) £7.

REE 2Dk (2% EMDZEiEdY FHA) 208 <SHTT. TNTNDNE
122V, OpenFOAM 3BT 2L DH>H—22FDHD AtV €5
—hi% BV EUTHREL£T.

BRE —OZJORINVIIETAE T, TAWXFHEBOBERE —HUET. ZN5D@EIZ
HEMIZATE R L U2H Y FEA.

2.3.1 OpenFOAM ILHIF DAY 1ES

OpenFOAM (ZIZWK DD EZZ L RIIVD A Y ¥ agdid GiERHY £, £91E
EOLERARNBRAY Y205 ATdHD polyMesh IZDWTIHENRETF., ZLHANSLZRDDT
polyMesh £ WM FE . polyMesh A T B LU 22 1R FT & H1Z, Av¥apikEdER
572D DRNROERTHEELINET.

= EHEROEBEANZ MLVDY) AN, §7205 vectorField TTAY, DT typedef HEF I &
V) pointField & #4411 65N TWET.

m BILVOHEODY A K List<face>, &2\ facelist T9. Z Z T, face 7 7 Al pointField
G T B THREFESDY AN TERINET.

I IOV AR List<cell>d D\ d celllist TY. Z 2T, cell 77 AlX EFLD faceList
WY DHEZDOY ANTEHRINET.

1?B5  polyBoundaryMesh 1%, BifRDFR 25 %K /8y F DY A b polyPatchList 7* 5
KOS TWET. ZDXDBIET, MfrOEIZE 2 D/ FIZRZ S5 %
HHTED KD ITERANMMEINET. HSWD polyPatch D4 T DI IE faceList
D—oODT Y ZIBEINTEY, T0v 7 DML REDHEANDSBIMEFEX
Nizslice 7T A%fES ZLIi2&Y, TNOOMICHBIZT V7 ATEET. ThT
D polyPatch IZLA MM S D AL > TV E T,
e slice

o HETZEAIIT D 728D word

A RARREIEIZ & D EEBUEIZIE, polyMesh IZERZEINT WS A Y ¥ 2R RICHKR T B [EH
DTF—=ZWELNET. TD72H OpenFOAM T, polyMesh 7 7 A % fikik U 7= fMesh
2, ABRAREEIC X DEELIC BB BB IO T — 2 BMREIEI N E T . fvMesh 1& polyMesh
MO I N, R21TIRTEIIBT—APMREEINET. ZhoDT—RIE, Avia
DENN 2 DI N2 D) T2EEITIE, BTRICERT2 I N TEET.
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IS F 1

N T2

Ky F 3
X A ] )
pointField facelList cellList
thernaI
é'oundary .
o i
_________ b polyPatchList
slice Ny F 1
__________ N F 2
I\ F 3

2.3 OpenFOAM (281 D EARMN L A w ¥ 2 FREL DX
2.3.2 OpenFOAM IZ & 1T % geometricField D EH

INETDEZA, B, TB8LLTUVID) AN, BLUOAY VAR ERTEET.
NHZEAEDED LT, HEOMBNIZBETT VY YVGRZERTLIENTEET.
i OpenFOAM IZBWTIE, 7V 7L — ~2 T A geometricField<Type> 2 & > Talil X
NZETF. Field DEIE, FHIRATICEWTHZIZZILVFLTERIND ED L, FHIKOHER
WHBWTHIZIFIRRMmM ETEZREINDEDIZHIT 65N ET. geometricField<Type>IZ AT
D&>BIEHRERELET.

-

—
-

—

RERE B, 2.2.1 JHTHBNZ & S 72 Field<Type>TT.

ERS Ik GeometricBoundaryField TH Y, TDHTIX, THZTND/NY FDEIZD
W Field WEZEI N, TDOERD/NY FIZDONWT Field WEHZEINET. DF V)
Z NIX FieldField<Type>2 2 2D A 7Y =7 MIREEFEINDS, BOGLTY. /2
fvBoundaryMesh "D ZIEL LRAFI N E . [*¥]

XwPa fuMesh NDZITTH, TOHGMLIHL, @, BEDIBLLEITERINT
WE TG U720 < D0 DOFEHIERE b Y £9.

RIT LA RO 4.2.6 FHT# X% dimensionSet T .

BUVME RS OBERLIZI, BIORIA T Y TIZE T 50T — 2 BBEIZRY) £7.
geometricField<Type> &, B, — DWW AT Y 7, B X OPRBELR SIXZDHID,
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y 75 A \ i [ 5 [ 772 AR |
volScalarField IVRRE 14 VO
surfaceVectorField | TDMHENZ ML | S SfQ)
surfaceScalarField | DB HE | | Skl magSt ()
volVectorField RSN C cO
surfaceVectorField T R C; CfQO)
surfaceScalarField | THODEEHEHR ** bg phi )

# 2.1 fvMesh IZI-EIND T —4&

TOHWKE AT Y FIZBWTREI NGO T — 2 AD2BEFELTVET.

AIEDREFRFDE KEFRIEOFIETIEARENZFHTE E9H, ZIUTHiE O KERD
T—RANDT VA BEL LUET. ZI2TH, BETHIUL, geometricField< Type>
AR DO KR D T — R ANDSBEHFF LU ET.

23T LS, PHEITENVHOLTERT DI ENETTD, ©IVE ETHRIFT
52LHELHY, BIVHEATERERTDIZILELIEEIHY £9. geometricField<Type>
i, BOERMNE ZTEBRINTVEINIEST, BAFD LD IZ typedef HE THHIN
TWET.

volField<Type> SR LIHLTEREINTND L X
surfaceField<Type> MWLV DHTEHRINT VD & X
pointField<Type> &N LILDIHSATERZINT VD & X

I 56D geometricField<Type>» 6 typedef IN/2H50D 7 7 AL 2.4 IZH/RINTW
¥ 9. geometricField<Type>Id Field<Type>D 7 VYV ILREZ L2 THHEL THY, £2TOD
X dimensionSet DIXILF =¥ ZITHENE T . F 2 IREi TR 2 A BRIAREE OB L F
EIZEMAFT D2 & NdHY) £9. geometricField<Type>%E2 & X IZfibd 7 7 AfEidE
B 255 IZBIRINTVET.

2.4 HEOBERIL

HREROBEEILIZ LY, WD AT RIZAT O & S BFH TR I N REGRER
WA NET.

[A][z] = [b] (2.12)

Z 2T [A]FEFHLTH, 2] IFREBEBOFINR T BV, [b]1EY —ARTZ MVTY. [z] & [H]
&, TORIR, #lZIX geometricField<Type>, F72id® - & EEIZIL, ARAEREIELIZLD
HERE 2 FIVT WS 72 51 volField< Type> D EALE TEZR I NZMED ) A b WS AkD
IEfERRBTIEZRLS, LUATHIHRETY D [RXZ V] TY.

[A IFAREABEDRELD Y A N THY, geometricField<Type>TIFFd T EHEA. L
MNoT, MEDY T A fuMatrix TH-Z 5N E T, fvMatrix<Type>d geometric< Type>Field
DEEFALIZ L > THERI N, Lo T<Type> &Mk L £9. ZhUE, ME+, HE -2
UTHRA + EW SRR ORBEEAEDLZ < 2 R—-M U ET.

*ZOMIEY T ABEE &R EEICRUAZEDOTIEARL, LUAWK DONDEIRY T A% geometricField<Type>
IZDBN2 —RINBHHEEZ R LB DTY.
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OpenFOAM @ I — RIZEWTRMD ARERDOKHIK, ThENHNRERD Y 5 A
finiteVolumeMethod *° finiteVolumeCalculus Z HWNCELR I N E . TNHD Y T Ald typedef
WZ&->T, TNENfvm BE U fvc EIEXNET. fum P fuc iE, HIZIEV?, V. BLD
0/0t £\ = geometricField<Type> % BBk 3 & 0 B 7 2 R I HHN R BIE % fif 2 C
WET., INSOEE, —DOTIIASZDOD Y I A fvm & fuvc TEZEL TWDDIX, M
TO&SIZKHTEH/2OTT.

o fvm ORABUIEM RIS Z51HE L, fvMatrix<Type> %K 7.
o fvc DV DNDOBEBUIEGINZMD 2 515H, TOMIZEGHNZFHE%Z L, geometric-
Field<Type>% X9 .

26121, ZODEFRNNY FE2E DAY Y a ETESRE I Nz geometricField<Type> % /R
LTHY, GREERRIIHDGE2MOGIIEBTEEIITHEIEE2RLTVET.
D72 DIZ 2IRTTTHROT N ET.

fvm B &V fvc THZ D, RS HREROEZ RIS 2 2B E X221V AT Y
TUTWET. FHEOABRABREIEIC LD EHULIZ, AV ADEHIZEY, TOREEHA
TWR IV RHADHBEDIZEBMINET.

/VV*<Z>dV:/SdS*¢ (2.13)

2T SIEERMEBARY M, ¢ IEBDOT VYN, TUTxIET VY IMEEDOER, #
ZIZNHEE, M, 70 AHE, BLOENThOMEY, MV -¢, AL Ve B IOV x ¢ %
KUTWET., I, BEBIUCHBEDIEEHIIOWTRAET S LD ZEYBZAF—AT
MIEALINET. OpenFOAM Tld, WL OVDIEIFHFIZFE U AF—ATHBULINE T
2, ZTOMOIEDEEALIZ OV TIFAF —LDEREIREINTHET. AF—L0D%
RIFT—ROBFTEBRETDIZLETIETL, Ya TOETFRIZA VT N7 710
MO EEAIAA T fvSchemes 7 7 ADA TV 27 e UTIREF TS HiEEHY £9.

241 S TSV TF7VIA

757 VDL, UTFO XD ITHREARBETHEY - B AINET.

/Y%(FV@dV:i/dS%FV¢%:§:QSf%V¢y (2.14)
1% S

f
ATWDEIN POFLEEEDEZI N DHLDBDEINRY Nbd»ZED 7 oA AMHIZHE
B, $AbY S, 1FGR LI, FOWROMENALIERIC S Y $3.

ON — ¢p
|d|

Sp+ (Vo) =15 (2.15)

FEEZA Y ¥ aDis, RIVHLEAE (2T IVFMEDHFLES N LEIRINDG) D
WHRIZ & > TRl S N2 G RIHB D D £9.
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’ D7 B2 - B ik fum:: F 7213 fvc: DK ‘
STIVT YV B2HY - By Vg laplacian(phi)
V-.-I'V¢ laplacian(Gamma, phi)
Ty Bl - Bt 5 ddt (phi)
oo ddt (rho, phi)
O 2 lat - Bt 2 (052) d2dt2(rho, phi)
B B2y - Bafy V- () div(psi, scheme)=*
V- (¥o) div(psi, phi, word)x*
div(psi, phi)
FERX L] V-x div(chi)
&)l [ZLN] Vx grad(chi)

V¢ gGrad (phi)
1sGrad (phi)
snGrad (phi)

snGradCorrection(phi)
B BLD A FLD — 3 [ZLN] |[VVo|? sqrGradGrad (phi)
[l Hig [Z1] V x ¢ curl(phi)
BEIHL (2] PP Sp(rho, phi)
BEHY - B T SuSp(rho, phi)

TIEIHU fvm: :SuSp 1& rho DFFFITKAE L T, B E - IXGMICHRLI N E .
T B0 & H U IS vol<Type>Field THREINE . #l : rho*phi

BB DI BITLA R D L5720 5 ATTY.

phi: vol<Type>Field

Gamma: scalar, volScalarField, volTensorField, surfaceTensorField.

rho: scalar, volScalarField

psi: surfaceTensorField

chi: surface<Type>Field, vol<Type>Field

# 2.2 OpenFOAM (28 1) 2 R HFERNDEO L
242 XA
WL, AFD XD ITRERBETHEY - I NE 7.
| V- tusav = [ as- (o) = S8 (U)o = T ey (216)

KEOE ¢, 13X FXERAF— ATIHES T
RDES (CD) 1, 2 UHE T ARLETT.

¢ = frop + (1 — fo)oN (2.17)
ZITf,=fN/PN, fN&fEvduh N O, PNl dubdEL P& N

DT .
BEZES (UD) 1, MAOADHEAND ¢p ZIREL, FMEIFEIEICZY) ETWLETT.

pp F>0D& %
¢r = (2.18)
on F<ODE X

TL Y RES (BD) AF—AlE, BEYILKETLENEZROILZ2H>TUD & CD %
ABbEET.

¢r = (1 =7)(¢r)up +7(¢f)cp (2.19)
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OpenFOAM 121, 7V Y RERE v % .5 Gamma 270 AF — LD W DNDFEEN
HY ETH, ZHIIEND X FISN/Z AF—LA, van Leer, SUPERBEE, MINMOD
KEERLTHET.

243 1BEOEEHED
1 DRSS 0/0t 1%, UFD &S ICHMERE TR INET.

B
5¥/Lp¢dv (2.20)
ZDHEIE, AFDE D% > TR U CHMAZE S CRtBUb I N E .

FLWME WERNTOWLIIHATY TOME ¢" = ¢(t + At)
HUWME  HTOWEE A 7w T TRIEI N7 ¢° = ¢(2)
ZOHWME ZORIOREA T Y T TRIFEI N ¢°° = ¢(t — At)

DA ROAAFUIFELU S BRENTWD DI, 4T DANT 71 I)VDHT timeScheme
F—TU—RZFST, ZDODI3L—DDEILAF—LEZESITDHIENTIET.

T4 7 —DEMRZE AF—2,, timeScheme EulerImplicit, ZAUERFRIIZEEIL T 1 1RK
JETY.

? V)" = (ppgpV)°
a/qude: (propPV) At(ﬁP¢P ) (2.21)

#%iRESD AF—LA, timeScheme BackwardDifferencing, ZAUI_ DHiODME%RFT
522 EICEYRREICEAL T2 IRKEETH Y, L7z > T EulerImplicit £V 7 —4&
BRAFD A —/N—=~w RBKREL R 7.

0 3(ppopV)" — 4(ppépV)° V)oo
a/quﬁd‘/: (pporV) (P;i]; )’ + (propV) (2.22)

2.4.4 2[EDBFREMD

2 SO &, AT D& S ITREEM TR - SR AT NET.
9 [ 09 4 _ leropV)" = 2ppopV)® + (ppopV)*
ot "ot AP
ZHUFRFRNIZ DWT 1 IRKEEE T,

(2.23)

245 F&

ZDOHITRARZFETAEIL, 242 THOMNFRE L IZX XN ZRIZGHARIETT. DF Y
SR, HWEL HIMBEHROBOFEHRTIEIH ) FHA. ZOHEIFLATD & S ITHRER
ETHEY - I 7.

/‘/V-gde:/SdS-(b:;Sf-(ﬁf (2.24)

fve: :div BIEUT surface<Type> E 72 1 vol<Type>Field DEH 5 5[ HIZ L 2 Z L AT
E9. BIHETIE ¢p XEHEGZ 5N, BH T 2.4.10 HTHRAN D LA THEDH _EICH
HINEd.
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246 4fC

HFLDOIHIFRR~ 2 HETHHMEC E 2 BNARIHTY. TDOAF— A, HlAIX fvc: 1 gGrad,
fvc::1sGrad 72 ¥ D & D BEEEAL A F— A2 U CEY) 2R O B il B = E.3D0, F7-
WEATI 7 7 A IVDHDEY) 7R timeScheme F— 7 — RIZH#E] U 7z fve: : grad BAE % (55 2,
WENDHIETEIHMETCE £9.

HORED 13, fvc::grad %% timeScheme Gauss & HHETHED Z L TEEL £9.
Z OMEFALIFAEES I U T H Y ADEHZ W T S EHEN L FEEZ AN F 7.

lﬁxwdvziéds¢=%;sm7 (2.25)

BRNZFE I, UFTOZBRIZEINTHET.

1. KPIZBTR%E, RKPIZHSITDHEZ > TEHOR N IZAFT 5.

2. RNIMEINfEZ, MNIZBIT2EROME R, ZOENHRAELRD.
3. MPOMEDRTORIZEII LR, TNENDOHAMTEANIFLUTEL

7R & /MEd X, ARORWVIELENE S NS,

BN fvc: igrad Bi% % timeScheme leastSquares LillAAHLED N, H
i fvc::1sGrad 25> Z L CEMMEL 9. ZO#EIEX, FTL2TOHPIZEV
T, TOEBEDR N TOMRMERDT, 7VVIVGZ2itHLUET.

G =) wydd (2.26)
N

ZIZTAdFEPNHE NANDONT MV THY, BEABEBIZ wy =1/|d] TY. AEUZEA
TOESIFE I N ET.

(Vo)p =Y wi G~ -d(n — op) (2.27)
N
ECEEAGR HICEEAAN ;- (Ve); EEVOHICBVTUFDOAF— A% H>T
T X £ 7,
(Vo); = ¢N;, or (2.28)

Z DLgIE fve: : snGrad B TIE O X 1, surfaceField<Type>%iEU 9. 20D
AF—LIF 241 HTRREZT T 527 ¥ OBEBAL A — L &AL 72 J51E CrE 3T
XN, FEFEIUEDICHFERAY YV 2D5EICE, ZOHDABDOKEEZ: EDS 7
ODIZHENMZASNET. ZDMIEIX fve: :snGradCorrection B % f#i > TIEY
I EJ. [Check**]

247 BEDOHEDIES

HEROEBRDOFE S OEE, BOARE LY, BoNEAREOARELY, TLTED
SEROMME - REHETE I L CHESINET. ¢ OAROARDOT S & HATEL &
IV(V)2 Y £
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2.4.8 [OlEx

MR, 2.4.6 HTANRZABOEMSFMII N E . T ARPEAL I, The
5 (2.7) OBfR (BATIZHEE) 26> CRIERAGHl X E .

V X ¢ = 2x(skew Vo)

249 BIHLIR
BEMUHR=>OHETHETI Y.

[EfRiE 9 NTOEMNRIEIE volField<Type>T9d. UL7ZA->T, BEiARME E H UHIZHAE
DS UTERDOHFICHAAENE T, HlZIE, phi & £ % volScalarField & L
THEFZL, TLUTUFDLIIZLET.

solve(fvm: :laplacian(phi) == f)

SffiE BB IHUEIE, UTFOLS ITHREARETHES - LI NET.
/V ppdV = ppVpop (2.29)

b2 - BfRE BB S H UEIE, THAONMAERSOREEZZEY. TORKETHO
HORFFIHAZ U T, ZAUITHION AT DX 2R E - ITRAIE XS, X
M DOXE S 2 WA I DL Z e, 175D fAHERDRKEMIEDBRD AL E X %5l
SRIUET. UL >T, OpenFOAM IZIERKDIE X H UHDEEHUE 514 % 24t
LTHEY, ZHIIRBPIED L I, ADL ITIFEMICARY £9. BRI,
P AT 2175 OREUE Vp max(pp, 0), €U THIH VIHIX Vpdp min(pp, 0)
ERYET.

2410 ZDMODIFHABEEE R F— LA

112 % volField< Type> % surface<Type>Field IZ, & & OWiIZ &3 2 B L FIEA N <
Db ET.

HEfES fvc::surfacelntegrate &, TN ZTND &IV % [X )2 [ TDIH surface< Type>Field
Dz L), CIVORKHTEHS LW HFEEZLET. 3205 (X, ¢5)/Ve &
D E9. Zhik volField<Type>%iE U 9.

HEH8F  fvc::surfaceSum IE, TNZEND LI % XY] 5[ TOAE surface<Type>Field D
Til%Z & S|ETYT. T805 Y, ¢p &2, volField<Type>ZEL &9

FEI)E  fvc::average I, [HDH surface<Type>Field DHEEAN T EHZ LD 7.
TROG (X, Srdr)/ > Sy &7 Y, volField<Type>%E L .

HAE geometric< Type>Field DEE faceInterpolate () &, ZILHULDH volField< Type>
%, PLEDZMO>TRIVOH EAWTFEL, surface<Type>Field 238U £7.
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25 BFEWD

BRI DEERALIZ O W TIZ 243 THB K 244 THTRAR F U228, FEEHEMEIZS

2 BRI DN FIZDONWTEZZBENHY) £9. & U AZRTEOZEMMOEE T, H#l
ZIET7 T T7Y, LT, HoWBHEMMBN%E Ap TRI LTI, FEEEDRMS
B2 TUATOISICRETEET.

/tHAt [gt/vpaﬁdVJr/vAMV] dt =0 (2.30)

R (221) DAL T—RMELHES &, B 1RO E S ICBITE T

t+At o B t+At (pP(va)n o (pP¢Pv>o
/t “ /V p¢dv] dt = /t N di (2.31)
_ (ppopV)" — (propV)°
— N At (2.32)
B2HIFIRD LD IZEITET.
t+ AL t+AL
/ / Ao dV] dt = / A dt (2.33)

ZIT A IZZEETHEBUL L2 AZ R U 9. HEBEDIE=Z2DLETHEETE £9.
FAS—BfEE ZERII OV TIRRBMRIETHBLL, LA oTEEDE " 22D £9.

t+At
/ A*pdi = A*" At (2.34)
t

ZHUTRRIC DWW T 1IRKMETH Y, AIWE B e 2 REEL 7.
[BfRE  ERICOVWTIIEBMETHMEL, Lo THIDRZIDME ¢° 22 1) £7.

t+At
/ ATpdt = A"¢°At (2.35)
t
CHUEEERIZOWT LIEETHY, B LI —F VI Con' 1 &V A XIFNIERR

ETY. 7= VEBUIBAFD LD ITERINET.

Us-d
|d|2At

I T Uy IMEEE, Fl XA OEE, HADEER LT,
VSV - ZaMY Uk ZEHEOEOBEBILICAERAREMH, U2 > TEHEDMHE ¢ &
HIDEZIDME ¢ DSFHfEZE &) £7.

/ttw Arpdt = A <¢n : ¢O> At (2.37)

ZAUIRFRHIZ DOV T 2SR TH V), MR TLRETIN, AFMEIRRREINEEA.

Co =

(2.36)
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2.5.1 OpenFOAM IZ& ¥ % BFEHM D DER L

BUED Y 25, BEOBEOIY B, 8 <X B TR 51 2 ZR O
EAI LS TR NET. WAL, JEROmBARAR M0 LET.

99

ot
ZHUIHT A A T —DIRRIZEATD L S I22 ) 7.
solve(fvm: :ddt(phi) == kappax*fvm::laplacian(phi))

=kV%3¢p (2.38)

Z ZTCLaplacian DI % 2L THEBUL T 57202 fvm 7 A&V 9. Rk T
THIZFUTDOESIZUET.
solve(fvm: :ddt(phi) == kappaxfvc::laplacian(phi))

%X Laplacian DIE % BGRIE CHEEILT 572D fve 7 7 A%V ES. 7500 - =
IV s AF— A, BREEGEDEE 2 L 5 T THERETET ET.
solve

fvm: :ddt (phi)

kappa*0.5*%(fvm: :laplacian(phi) + fvc::laplacian(phi))
)

2.6 IERFMH

fifp & 2 W Z SER S BB 2 DITIIEREMDP B ETY. Lo T TOBREICE
WTHSREMHEEZBELATNIRY XA, BRAFEE DO T IZRT 6N ET.

TAVILEE X TORBEROERIZBI2MEZ2EDET. LEK>T, ZOHA
RCik TEEME] & XTET.

JARVEHSE X, TOWRBELOBEFICEELYREEDET. ULAN>T, ZOHA
RTIE TEEAR] &L 0ET.

D7 D8N Y, Z BLHOHBL 21T & TITIE, TNHDHD DB D DN B
HCHo2/OEDBRLMNEBRTIHENDY £7.

BEEE BEHRICBIT2HE ¢, ZHEE
o HEBUBIC, BERHIZBIT DM ¢p M OHEIE, HMIZ ¢, TEIHMR LI LN
TEEY. FIZIEN (2.16) OBREDHETT.
o HIZBIT AN (Vo) MBBERI, HIZIXTTIT0RY, OBEIZIE, €
OAEITEREIZB T2 MEE LI LDEEF> TEHEINET.

oy — PP
|d|

BEWE [EEARERART gy 1, Alde, BFROBMIKRANT MLVEDOHNRIZZYD £7.

Sy (Vo)r =5y

(2.39)

%:<§'v@f (2.40)
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o HERLIC, BERHEICHIIBME ¢p 2D HAEIK, LIV HOLDIEZ B LIZNEY
SRENHY T

dr=o¢p+d-(Vo);
= ¢p + |d|gp (2.41)

o HEBULICHOARAGHE X ND LI, Efig CEIMADILNTEET.

Sp-(Ve)y = 15rlgw (2.42)

2.6.1 YIEBEMAREREZHG

B EMDOIREIZEE, RYORIBNINTLE2T YT OMIRNTY. BIEDOER &K
PEE— IS, i Cil N7z & 5 ZBUENGLE TR <, WHNARMEICI > TERI N
T IEEMMERARDOIRNTIX, AT DO &S BB REERNH Y £,

A0 AOIZBIRHEEGNESZ 6N, TNEEBEIES 2012, EHOBEREMIXAE
Yoz £9.

HO HOWKBTBENEGREZ 5N, HEIZFAE Y OERSEIREINET.

BYRLULAREUER MAOHEIIEAEGOERELELLARY, ULAN->T, BEEME
FUEPBEINET. BEZ@VKTDRENELOTHD I e, ENFARED
MNREINET.

R DFEIR & RSN D D HIZ D WTHIRE 25 & 5 BEETIX, ZORFRE D F o
OO T UNET VT2 HEIXH ) A, TOHDOEFRSLMEIILAFI/KE-> T
FURITNIERY FHA.

HIE A, O RERAREA 2 €0 EHEL LT, [Check™]
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CIPE . SRS

o WERDY

BER DY
o )NwF 1
o INWF 2

o ¥R

BER0DY;
AV
o IS F 2

o WERD

BER DG
o NwF 1
o INWF 2

I8 F 2

a) volField<Type>

W F 1
@/%2

) surfaceField<Type>

W1
@\/%2

¢) pointField<Type>

24 ZOOERINY FEEL DAY Y a ETEHRI N geometricField<Type>D & 1 7
(D7D 2T TEL TV D)

Open\VFOAM-2.0.0



2.6 BEREAM: P-43

» geometricField<Type>

?

geometricBoundaryField<Type>
A

fvMesh ~<—— fvBoundaryMesh - fvPatchList

A A
o — R
fvPatchField |—> polyMesh -—— polyBoundaryMesh fvPatch

| bt f :
pointField facelist cellList polyPatchList
5 [ A A
vl bt f
Field<Type> < face cell polyPatch
dimensioned<Type> labellList slice
dimensionSet <Type> List/T label T word
scalar ||
vector —
tensor
symm Tensor

tensor Third
symm Tensor Third

2.5 geometricField<Type>IZ DA% HARM R 7 5 Ak
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CIPE . SRS

geometricField<Type>
volField<Type>
surfaceField<Type>
pointField<Type>

finiteVolumeMethod (fvm)

(B2fik)

fvMatrix<Type>

finiteVolumeCalculus (fvc)

< DAt R T
(Baf#ik)

geometricField<Type>
volField<Type>
surfaceField<Type>
pointField<Type>

2.6 geometricField<Type> & & D
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Vav

H3E
OpenFOAM D {E FE I

ZDETIE, OpenFOAM T4 ANV Ea—Yave It THhER4 2T A
NTF—ZZDOWTHHLET. TORENIE, 1901 ROE2EZDFa— M) TIVIZH
2EDEEDT, H5DDERERLY INININTLHELZEMETZ 2 TT. ZA5DH]
L, OpenFOAM DWW DD — )V, il Z IXHERORT - B, BUEAF— A,
TITY) XA, 2HNATEEOIELENTHET. £/2, FHWTIEDY FEADN, Ih
S5V IVNNOMEEDOEREEH > TWET.

ZTNETNOHIETIE, BE, IR, TSN - BERSRA O, M NEHRN, ibh
TWdETIN, TUTKHERYMEMOMRRHMEE UET. HIZIERHEZME>72) TS
LA, MRITREIRIEASRDIEIRD — 8L 22 K HITEPET. A Y aEmlD S5k it
UZE9H, 20T blockMesh Z#WE3 . £ H5AARTOHEIZIIAY V228 RT D
77 AINEEAT polyMesh T4 V27 M) E—#IZH Y £TDOT, T—HFIFMHRIZAYVa
RZZENTEET.

B, VA R—=IVU 7 OpenFOAM D tutorials B 7574 L 27 M) OHIZHZF 21—
R)TZNERIGELUTWET. TNHEFVYIINT DO TTFo L7 M)IEFedDLNTVWE
9. il Z 1L icoFoam DETDr — Al icoFoam ¥ 77«4 L 27 NV OHIZH Y £9. filEZ
FEIFTDE0Z, 2—PFIEESDI—Y - TAV Y MO TIZIE—=UAZIEIBNNTL & .
OpenFOAM DETDTr—A% —D2ODT A L7 NVDTFIEFELTEL 28, Fa—hKV
T IVIESFOAM_RUN T4 L2 R OHIZAY =325 2BEHODLET. ELaA—YD7
ATV RDTFIZELEZDT A LI M)MESNTOARITNIE, AFD L SITIED Z &N T
TET.

mkdir -p $FOAM_RUN

PFROE TN, 207427 M)IZFa—MNITN%EIE-TEET.

cp -r $FOAM_TUTORIALS/* $FOAM_RUN

3.1 AEEHLY DRI

ZDOHIFETIE, potentialFoam Zfi>THMEEHLY OFRT VY Y IVRNEFHNET. 20D
BIREIZIE OpenFOAM DLATF D & 5 B EZ M L £

o FFERMT
e OpenFOAM DFEIZ X9 B i ff D A ik
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3.1.1 MEHE
COMBEIZLUTOLS ICEHZINET.

FRATRRIS 3.1 ISR & SIS, BHBIE 2WROCT, BRI, € DIESROHLIIELE
INHBENS B 7.

— A

I

—

— U, =1.0m/s p =0 bar

4.0 m

4.0 m
3.1 MHiEZFHLY RO E

XEHEN
o FREMEVERIADE LR

V.-U=0 (3.1)
o TEHIRREL AR U7z, FEFEMME, [HEEZR U DHAKDE S RN
Vip=0 (3.2)

ERRMG
o A (f) BHEREEU = (1, 0, 0)m/s
o« WO () IXEHFEEp=0Pa
o WYARUEEM (F)
o NFRmE (E)

MEAEHE U =0m/s, p=0Pa—IN 51X OpenFOAM AS1 7 7 1V TRHE L I E
A, ZOMBERXEFRELOTRIIIHETIEIHY XA,

YV ILINE  potentialFoam: R T V¥ YILFND I— R, 4205, ROMIETEMENE, ©H,
iz U, MM ARL, EINSMHEL £9.

r—2% $FOAM_TUTORIALS /potentialFoam* 5« L7 N1 DHIZdH B cylinder 77— A.

FRE - ZUEE WY 3 Y TORE. BlfF/N—Y 2 > TIE$FOAM_TUTORIALS /basic/potentialFoam
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3.1 HHEFEDLY DN P-47

3.1.2 potentialFoam ICDWT

RT VY YIVRNERET D L, HIRAY Y TIVETIROME TR ENFET 5 72
&, potentialFoam & OpenFOAM % fREES & DIZHEF ARV IVNTY. ZOMHHEEDLYH
NOBIIZI, Bl LT X 2R DFAE L £9°. potentialFoam 1%, RIEEIZXT L T
GEEID) REEINTWRIMU 52 LK T22—T 1V T4 L LTERMATEIENT
XET. FAZE 0T, VBRI LETHD Z LIZLDANLEX &bt D DI
HLEF. WHIZWRIE, potentialFoam (&L —Y W5 X ZIERFOMIE "N &, REFEI N/
LiakfEDZLET.

313 XwIakr

blockMesh Z{fi> 72 A v ¥ af iz —Y - /i RTHHINTHET. 2OV —AT
&, AV Y3 21TRTEIIZI0 7Y INERS>TVET. OpenFOAM TldE4T
DAY Y aMIMTLTHFDODND 2L 2B LU T ZI W, 2RTOIEZ X 721N,
FENEN3IFEHDAMIZ I CNVDAZEDLD R IRTAY Va2 EHZLRTNERY F
TA. K32TIE, 2=—-05IlR>22ZHHOAZRLTEY, ZOHRIZHITHRESILO
~18 TY. TNUUHND 19 HDTHRIE, 2= +0.5DIEMIZHY, AFOAY Y aAELRT 7
ARG &I, BHEFEUEFTESMHITONTVET.

] R k= CHt =Ko m *
3 | \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
4 | \\ / 0 peration | Version: 2.0.0
5 | \\ / A nd | Web: www . OpenFOAM. com
6 | \\/ M anipulation |
7 \* ———————————————————————————————————————————————————————————————————————————
g FoamFile
o {
10 version 2.0;
11 format ascii;
up
17 18 8 7 6
®
9 .
left right
14 15 @ 4 3

13 12 11 r 0 1 2
down cylinder down

3.2 MfEBIROAY Y2

Zhd.

OpenVFOAM-2.0.0



P-48 H 33 OpenFOAM D1 FHl

12 class dictionary;
13 object blockMeshDict;
14}

15 //*************************************

//
17 convertToMeters 1;

19 vertices #codeStream

20 o

21 codeInclude

22 #{

23 #include "pointField.H"

24 #};

25

26 code

27 #{

28 pointField points(19);

29 points[0] = point(0.5, 0, -0.5);

30 points[1] = point(1, 0, -0.5);

31 points[2] = point(2, 0, -0.5);

32 points[3] = point(2, 0.707107, -0.5);

33 points[4] = point(0.707107, 0.707107, -0.5);

34 points[5] = point(0.353553, 0.353553, -0.5);

35 points[6] = point(2, 2, -0.5);

36 points[7] = point(0.707107, 2, -0.5);

37 points[8] = point(0, 2, -0.5);

38 points[9] = point(0, 1, -0.5);

39 points[10] = point(0, 0.5, -0.5);

40 points[11] = point(-0.5, 0, -0.5);

a1 points[12] = point(-1, 0, -0.5);

42 points[13] = point(-2, 0, -0.5);

43 points[14] = point(-2, 0.707107, -0.5);

44 points[15] = point(-0.707107, 0.707107, -0.5);

45 points[16] = point(-0.353553, 0.353553, -0.5);

46 points[17] = point(-2, 2, -0.5);

47 points[18] = point(-0.707107, 2, -0.5);

48

49 // Duplicate z points

50 label sz = points.size();

51 points.setSize(2*sz) ;

52 for (label i = 0; i < sz; i++)

53 {

54 const point& pt = points[il;

55 points[i+sz] = point(pt.x(), pt.y(), -pt.z());

56 }

57

58 os << points;

59 #};

60 F;

61

62

63 blocks

64 (

65 hex (56 4 9 10 24 23 28 29) (10 10 1) simpleGrading (1 1 1)
66 hex (0 1 4 5 19 20 23 24) (10 10 1) simpleGrading (1 1 1)
67 hex (1 2 3 4 20 21 22 23) (20 10 1) simpleGrading (1 1 1)
68 hex (4 3 6 7 23 22 25 26) (20 20 1) simpleGrading (1 1 1)
69 hex (9 4 7 8 28 23 26 27) (10 20 1) simpleGrading (1 1 1)
70 hex (15 16 10 9 34 35 29 28) (10 10 1) simpleGrading (1 1 1)
71 hex (12 11 16 15 31 30 35 34) (10 10 1) simpleGrading (1 1 1)
72 hex (13 12 15 14 32 31 34 33) (20 10 1) simpleGrading (1 1 1)
73 hex (14 15 18 17 33 34 37 36) (20 20 1) simpleGrading (1 1 1)
74 hex (15 9 8 18 34 28 27 37) (10 20 1) simpleGrading (1 1 1)
5);

76

77 edges

78

79 arc 0 5 (0.469846 0.17101 -0.5)

80 arc 5 10 (0.17101 0.469846 -0.5)

81 arc 1 4 (0.939693 0.34202 -0.5)
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P-49

82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

arc 4 9 (0.34202 0.939693 -0.5)

arc
arc
arc
arc
arc
arc
arc
arc
arc
arc
arc
arc

)

boundary

(

down

{

3

24 (0.469846 0.17101 0.5)
29 (0.17101 0.469846 0.5)
23 (0.939693 0.34202 0.5)
28 (0.34202 0.939693 0.5)
16 (-0.469846 0.17101 -0.5)
10 (-0.17101 0.469846 -0.5)
15 (-0.939693 0.34202 -0.5)
9 (-0.34202 0.939693 -0.5)
35 (-0.469846 0.17101 0.5)
29 (-0.17101 0.469846 0.5)
34 (-0.939693 0.34202 0.5)
28 (-0.34202 0.939693 0.5)

type symmetryPlane;
faces

)

right
{

left

}

(0 1 20 19)
(1221 20)
(12 11 30 31)
(13 12 31 32)

type patch;
faces

)

(2 322 21)
(3 6 25 22)

type symmetryPlane;
faces

(

(7 8 27 26)
(6 7 26 25)
(8 18 37 27)
(18 17 36 37)

type patch;
faces

)

(14 13 32 33)
(17 14 33 36)

cylinder

{

}
);

type symmetryPlane;
faces

(

)

(10 5 24 29)
(6 0 19 24)

(16 10 29 35)
(11 16 35 30)

mergePatchPairs
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153 (
154 ) 5
155

156 // >k >k >k 3K 3K 3K 3K 3k 5k 5k 3k 3k 5k 5k >k 5k %k >k 3k 3k 3k 3k 3k 3k 3k 3k 5k >k %k %k >k >k 3k 5k 5k 3k 3k %k %k %k >k %k %k XK K 5K 3K 5K 5k 5k %k %k %k >k >k %k %k XK K >k >k >k 5k %k %k %k >k >k >k *k Kk *k Xk

//

3.1.4 EREM RN

FoamX 25, 7—A - 774 NVEFTHRELT, K3 1LITRTHREICAERTEED
WCERRMGERE LU XY, DF Y, A0SR Inlet, HMHIDOEEFIL Outlet, £ U TFHM
& HREDEEF L symmetryPlane & 20 3. FAIOEEF&MIE, v J5ANZHER O sk % K
ELUTRONAZMBNRIIHLUT, B ESHIKTEDLLDITERNLET. #HReLT, Z
DEEFUZ—ET S EIZBWTIE, ERAMO U OARIINISAZY £, LAN-T,
HAAS A NE O L R2 EDBEMFE2FRHALUEY. DF VY, symmetryPlane 3% EL, I
W2k o TN & YR IR TE 2 X5 IT L £

315 T—RADET

ZOMETIE, WAEIEEMVETIERMEZRE L THB DT, FRAKOYIMEMEIZMTE HEE
TLE2BENRDY FXA. systemBV T T 1 L7 MU DHFD, controlDict \ZF1F D 728 DHlfH
NIA—REZRELET. EHHENZINELTWDZD, 1 ATy TETEFTUIEID
ZLITERLTLEZI W,

1 ke *= Gt =k *
2 | ========= |

3 | A\ / F ield | OpenFOAM: The Open Source CFD Toolbox

4 | \\ / 0 peration | Version: 2.0.0

5 \\ / A nd | Web: www . OpenFOAM. com

6 | \\/ M anipulation |

7 \* ———————————————————————————————————————————————————————————————————————————
8 FoamFile

9 {

10 version 2.0;

11 format ascii;

12 class dictionary;

13 location "system";

14 object controlDict;

15}

Jun
[}

//*************************************

//

17

18 application potentialFoam;
19

20 startFrom startTime;
21

22 startTime 0;

23

24 stopAt endTime;
25

26 endTime 1;

27

28 deltaT 1;

29

30 writeControl timeStep;

31
32 writelInterval 1;
33
34 purgeWrite 0;
35
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36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
T
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

writeFormat
writePrecisi
writeCompres
timeFormat
timePrecisio
runTimeModif

functions

{

ascii;
on 6;
sion off;
general;
n 6;

iable true;

difference

// L
func
type
// N
redi
code

#{

oad the library containing the ’coded’ functionObject

tionObjectLibs ("libutilityFunctionObjects.so");
coded;

ame of on-the-fly generated functionObject

rectType error;

// Lookup U
Info<< "Looking up field U\n" << endl;

const volVectorField& U = mesh().lookupObject<volVectorField>("U");

Info<< "Reading inlet velocity uInfX\n" << endl;

dimensionedScalar ulnfX

(
"uInfx",
dimensionSet(0, 1, -1, 0, 0),
U.boundaryField () [3]1 [0] .x(D
);
Info << "U at inlet = " << ulnfX.value() << " m/s" << endl;
dimensionedScalar radius
(
"radius",
dimensionSet(0, 1, 0, 0, 0),
mag (U.mesh () .boundary () [4].C£ () [0])
Info << "Cylinder radius = " << radius.value() << " m" << endl;

volVectorField UA
(

IOobject

(

"UA",
mesh() .time() .timeName (),
U.mesh(),
I0object::NO_READ,
IOobject::AUTO_WRITE

),

U

);

Info<< "\nEvaluating analytical solution" << endl;

const volVectorField& centres = UA.mesh().CQ);
volScalarField magCentres(mag(centres));
volScalarField theta(acos((centres & vector(1,0,0))/magCentres));

volVectorField cs2theta
(

cos (2*xtheta)*vector(1,0,0)
+ sin(2xtheta)*vector(0,1,0)
);
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107 UA = ulnfX*(dimensionedVector(vector(1,0,0))

108 - pow((radius/magCentres),2)*cs2theta) ;

109

110 // Force writing of UA (since time has not changed)
111 UA.write();

112

113 volScalarField error("error", mag(U-UA)/mag(UA));
114

115 Info<<"Writing relative error in U to " << error.objectPath()
116 << endl;

117

118 error.write();

119 #};

120 }

121}

122
123
124 // >k >k >k 3K 3K 3K 3k 3k 5k 5k 3k 5k 5k 5k >k %k >k >k 5k 3k 3k 3k 3k 3k 3k 3k %k 5k %k %k >k >k >k 3k 5k 3k 3k %k %k 5k >k %k %k %k >k >k 5k 5K 5k 5k %k %k >k >k >k %k %k K >k >k >k >k 5k >k %k %k >k >k >k *k *k *k Xk

//

potentialFoam &, EHD AR ODOWTKEFHE LTV, KE A EITNWES TV 7V
HOFERMIEIZART 2B RENERFINET. JEHDOHERITONTOKEFHED
[61%201%, controlDict M (D nNonOrthogonalCorrectors ¥ —7 — RTHIFL £3. —D
DHl& LT, nNonOrthogonalCorrectors % 0 \Zi%E T NIX, KEIXITONEFA. O F
D, EHOHEKXN 1 EZTEN, FELZMHEITONETA. TOMEX 3.3 (a) I
RUET (EFREBOMM»ZET Uzt =11280WT0). [X3.3 (¢) IORTIMHHD £ 512,
IS A RO ON R E REMEMAEL THDOTTA, HlRIEK, Trvro, 1,
ZUT3DRHEDEDIT, AV Y aDI ERMENDBENFIRIZENT, HONRRENDH Y
%9. nNonOrthogonalCorrectors % 3 IIFKE L, HFERMIEZIMA THES —A %7
ULTAELED. K33 (b) D&, MRITZRDSNRTARE ZRY, FFERVEITERNT S 8H
EFEREEEH) FEA.

32 Ny y - 25y T EOERER

ZOHIETIE, BAICHT DEAE E2RNDERILRICOVTHANET. ZORERE
1%, Pitz & Daily BEBRIIHNZEDIZHEKLTEY, BUERE OHIKTLH I LNTE
9. ZOHIETIE, #H72IZ OpenFOAM DLARD & 5 BREHEZENL 7.

o SEEBAYVYaDEWSHTIHEREZ I U 72, blockMesh IZK& 2 AW ¥ a4xk
o JEHELUE

3.2.1 FREEERE
FIEIFLTDO LD IZEHRL £9.

FRATRIS  PEIRIE 2 OCTT, M34TRT LI, WAL, Nv o - A7y T, TUTH
CDSER ) ZVIns 78 7.

XigARR
o FREMEMERIADE LR
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(a) FEEZHAESR U

__A
————

— ——

(b) FEIESSHHE D V)

= =

(c) ftfrfie

X 3.3 RTV¥yILENOFERR
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A: U, =10.0 m/s HI: p=0Pa
Ay
50.8 B
T

— - g |

20.6 206.0 84.0

S mm

X34 Nv2 - A5 TOFEHEBIR
o EEmNOET R HFEN

V- (UU)+V-R=-Vp (3.4)

ZITpEEENENTHY, (CXHEMELLTETTHI) R=1r4VU IF
MG DIAT, FERNFIRGVERIL veg ISGEIRN I Nz iik - FLIRE 7V CEHAE X
NET.
MEEHE U =0m/s, p=0Pa—IN 51X OpenFOAM AJ1 7 7 1V TRHRE L INZE
92, ZOMBEIXEFEREBROTHIZIIBETIEHY FHA.
EREM
o AN () IBEEREE U = (10, 0, 0)m/s
o MO () IXEHEE p=0Pa
o THNLSDBIFUL, Y R UBEH
s
o BROFMMRE v =p/p=18.1x1079/1.293 = 14.0 pym?/s
IARmETIV
o fEHEL—c
o RE:C,=0.09; O = 1.44; Cy = 1.92; oy, = 1; a, = 0.76923.
YV ILN%  simpleFoam: &% FEEMEME R AV,
lr—24%  $FOAM_TUTORIALS /simpleFoam* T « L 2 bV DHIZdH % pitzDaily 7 — A.

Z DML simpleFoam 2> TE X 9. SIMPLE 7L IV XA %W/ EHKNAD
F2ODYVINBEDOTIDEIIZZMITENTHET. 2DV, EHED OpenFOAM
) V) — Z®D incompressibleTurbulenceModels 7« 72 1) O DELRE TV, XU incom-
pressibleTransportModels 7 77V DH DI E=a— N VIREETINVOLTEZHEHAT LI &
MTEET.

322 Xwadkmk

ZOMBEDIIIES & 5 & & <HEMT, HEYRMEFDITITAY ¥ 2 DEBN T 2352
LR ET. RIS, RETAWIOPDLHEEARHIROFTHY, TAWHD/HAI W

*ERE 2T WN—Y 2 Y TORLE. BifT/N—Y 2 Y TIXSFOAM_TUTORIALS /incompressible /simpleFoam
ZHhb.
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FEE K DDA AY Y2z phBEE UET., I TRIBRTAMNDPEL DN, FHEIHE
AWELEDEDBIRIZRDIZITTHEINEERTDHILTTHTETEY. AOTIE s AR
DFRN—FRR T A, BeEZ X5 L, FORMKRIIHFUTEARNIEAED, RO FFE
DIZimEAECET. ULEWoT, TARIOK S B3 EE O DR & BEAE & 7
5TL&D.

KL, HM35ICRTEIIC 12O TOY ZIZaEINET.

upperWall
9 [ ] 15

3
@ |1

inlet 2 s  21
. ® |13 20

®
[\]

S
=

1 \— outlet
5 HC] A
1@ 11 GI 16
4 | 10
lowerWall

X35 Nvr .27y TREOTOY 74500

OpenFOAM Tld AW ¥ 2lFHIZ3MITARDT, M3.5 Tldz=—-0512R>7-1H%Z2 xR
ULTWET. 2TOHME TV L, UFTOAY Y a7 74V THERZAONET.

1 [ = Gt —h———m *\
2 | ========= | |
3| \\ / F ield | OpenFOAM: The Open Source CFD Toolbox

4 | A\\ / 0 peration | Version: 2.0.0

5| \\ / A nd | Web: www . OpenFOAM. com

6 | \\/ M anipulation | |
7 K m */
g FoamFile

o {

10 version 2.0;

11 format ascii;

12 class dictionary;

13 object blockMeshDict;

=
(S

[/ * k %k % x k k %k %k k k k %k *k k k *k %k k k *x % *k *k kx % *k *x *x %k *k *k *x *x *k k X
16

17 convertToMeters 0.001;

18

19 vertices

20 (

21 (-20.6 0 -0.5)

22 (-20.6 3 -0.5)

23 (-20.6 12.7 -0.5)
24 (-20.6 25.4 -0.5)
25 (0 -25.4 -0.5)

26 (0 -5 -0.5)

27 (0 0 -0.5)

28 (0 3 -0.5)

29 (0 12.7 -0.5)

30 (0 25.4 -0.5)

31 (206 -25.4 -0.5)
32 (206 -8.5 -0.5)
33 (206 0 -0.5)

34 (206 6.5 -0.5)
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$ 3% OpenFOAM D A

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

74

75

76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

);

(0 12.7 0.5)

(0 25.4 0.5)
(206 -25.4 0.5)
(206 -8.5 0.5)
(206 0 0.5)
(206 6.5 0.5)
(206 17 0.5)
(206 25.4 0.5)
(290 -16.6 0.5)
(290 -6.3 0.5)
(290 0 0.5)
(290 4.5 0.5)
(290 11 0.5)
(290 16.6 0.5)

blocks
(

1

);

hex (0 6
hex (17
8
1

© 00~
WN -~

hex (2
hex (4

)

hex (6 12 13 7 28 34 35 29)

1)

hex (7 13 14 8 29 35 36 30)

hex (8 14 15 9 30 36 37 31)

22 28 29 23) (18 7 1) simpleGrading (0.5 1.8 1)
23 29 30 24) (18 10 1) simpleGrading (0.5 4 1)
24 30 31 25) (18 13 1) simpleGrading (0.5 0.25 1)
0 11 5 26 32 33 27)
hex (5 11 12 6 27 33 34 28)

(180 18 1) simpleGrading (4 1 1)
(180 9 1) edgeGrading (4 4 4 4 0.51 1 0.5 1

(180 7 1) edgeGrading (4 444 1.8111.81
(180 10 1) edgeGrading (4 4 444114111

(180 13 1) simpleGrading (4 0.25 1)

hex (10 16 17 11 32 38 39 33) (25 18 1) simpleGrading (2.5 1 1)
hex (11 17 18 12 33 39 40 34) (25 9 1) simpleGrading (2.5 1 1)
hex (12 18 19 13 34 40 41 35) (25 7 1) simpleGrading (2.5 1 1)
hex (13 19 20 14 35 41 42 36) (25 10 1) simpleGrading (2.5 1 1)
hex (14 20 21 15 36 42 43 37) (25 13 1) simpleGrading (2.5 0.25 1)

edges
(

)

boundary

inlet

{
type patch;
faces

(

(0 22 23 1)
(1 23 24 2)
(2 24 25 3)

);
}
outlet
{
type patch;
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103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154

156
157
158
159
160
161
162
163
164
165
166
167
168

170
171
172
173

)

faces

(16 17 39 38)
(17 18 40 39)
(18 19 41 40)
(19 20 42 41)
(20 21 43 42)

)
}
upperWall
{

type wall;
faces

(3 25 31 9)
(9 31 37 15)
(15 37 43 21)

);
}
%owerWall
type wall;
faces
(
(0 6 28 22)
(6 5 27 28)
(5 4 26 27)
(4 10 32 26)
(10 16 38 32)

);
}
frontAndBack

type empty;

faces

(
(22 28 29 23)
(23 29 30 24)
(24 30 31 25)
(26 32 33 27)
(27 33 34 28)
(28 34 35 29)
(29 35 36 30)
(30 36 37 31)
(32 38 39 33)
(33 39 40 34)
(34 40 41 35)
(35 41 42 36)
(36 42 43 37)

~
[é)
OCO~NOOTTWN =
[
N
[
-
p—

(13 14 20 19)
(14 15 21 20)
)

mergePatchPairs

);

// 2k >k >k >k 5k 3K 3K 3k 5k 5k 5k 3k 3k 5k >k >k %k >k >k 3k 3k 3k 3k 3k 3k 3k 3k >k >k %k %k %k >k 5k 5K 5k 3k 3k 3k %k 5k %k >k %k X K 5K 3K 5k 5k 5k 3k %k >k >k >k %k %k X >k >k >k >k %k %k %k >k >k >k k k k¥
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//

ZOMEDORRKOREIL, 21— 74 KD 5.3.1 HITIHRAR/= blockMesh D5EEHB AW T 2
DEFAHT DBEREZ > T2 Z & TY. 7w 24, 58K0°6 T, 12{HDIERRNS
BRBEEB)ANEFSOTND IO £T. INODILKRIE, ThEho 7oy
I DERIINZDONT, BAIOWUDIXFIRIAR 21 BN 2 72545, IROWUDIXEAN A 2o
FIEIDERSY, BBEOMDIZFBATNA x5 HHOFRIITHIGLTWET., Jov s 4, 56&
U6 TlE, BT 21 B X 20 ARAIDIED T NTIIH U TEHELWEEE RS> THE T,
Ty HENZDOWTIHEVWE T, 3T 7oy 7T, KEEED y 1IE L TWET.
LA RO 531 HTRARAZT Oy VEHZELBEM T THELNTWDIEEEZEZD L,
M35D70Y 274, 58L06128WT, Ll GHOMMITIH>T, BA>ZHAENT
PRIEINTND ZEADNY) £9. ZORLRDAEMITOEWIE, FOOREEKRHE
MTHD, BETHRABENE L ZAIZEWTHMNANAY Y a2 ERKL, TSN OMEE
DT THER LTV D125 7720TT.

A Y RIA Vv FELIEFoamX 5 blockMesh 2> T Ay a2 EKL, BITHIRL 7~
LA L 9.

323 ERFHEHEM

F—=ADT7 7 AL, FoamX DHIT, FAIFFFEETHE - HWETIET. ZDr—A
Tlx, #EU, EHp, SLROEHTRILVF EBXOHER12O0T, WHHE X UER
DG EBETDIHENDY) £9. BHHREMIE, FoamX TYHKLIINY FDRA ThEET
5L THRETEEY. ETOREIWall, AMID/Ny FIiE Inlet, T LU THMD/ VY FIX
Outlet IZBRELET. ADDU, kBETelZDoWTIE, YEERLMH L U T fixedValue %
BETDZHENDY) FT. U FHERTIZEVGZONTOETH, k& e lZ20TiE1—
PAA RD 2181 THRANZDEFEBRRAIET, 2—PFRROZRTNIERY FHA. AL
BT, HLRIFEAETHY, ZEHIUDO% EIRELET.

5
AN &/ & VA —
Uy, =U,=U, = 100 10 =0.5m/s (3.5)
B XU
k:gmm2:0mm¥ﬁ3 (3.6)

PELNET. HEOEX 27 —L 1 % ALED 10% & BFs i,

o GuTRY 0097 x 037517
o ~ 0.1 x25.4x1073

ERYET. HOZEWTIE, EHp=0PaZIFUNEETLILERZIHY FHEA.

= 14.855 m?/s* (3.7)

3.2.4 — 2D

fvSchemes DEFUILAFD L SIZU 9. timeScheme I steadyState & U, gradScheme
$ & F laplacianScheme (7 7 4V h & UT Gauss # &L £9. £/, ARME R
4 %726 divScheme (FUD & U 9.
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fvTolerances DR ENIIFFITIER 2D BEMNH Y £9. *simpleFoam I— RD b 7L
RNV TEp L UDHBERAUDEATHEEAD, SLIRETINVIEE c BEXUT RDAGERE
f< DT, 5MEDAHRXITANTITH U THARELRETIHENRD ) £9. pSHOET
DZEFUZDWTIE, solverTolerance | 1072, solverRelativeTolerance |3 0.1 T1+4
TEA, pllHULTIZ107BLT0.01 2BEHOLET. MEIZERRDT, REEM» B
PWERVETS. U, k, &, RIZDW\WTldrelaxationFactor (£ 0.7 T+ T A, HUEIRE
FEMZD7720, pld03 L TI2HBENDY £7.

&2, controlDict \IZHWT, EHMEZRDTdeltaT X1 & UEY. INTHEEAMWIZ
WEXEREEABZEET. HheTONE LD, e +alURIE 512131000 FIEE DX
BERBERDT, endTime 1£ 1000 LFEL EF. FEITHIIN—RT 4 AT BT =4 TV
XNMZZRS>TUEDLRNE DI, writeFrequency* 2+ K Il (B ZI1E50) THDZ
EERMENDTSZI W,

325 T—ROETERR MNOE

r—ARFEFTL, ERORAMBEEITNET. AUET, HIZIE50 XELZ%IZIE,
BADAEFIZEAZDEI LU SWVOMMNHEL £, 3.6 (a) ITRTHEEDANZ b
V- Ty Embbnd &I, o AHICIFFECEDIZEE>TVWEY. IHIIKEIE
L&, MIFBENSHONANST oz ARICHEL TWE, 1000 [H O KEEICRIZERIR
REBIZEEL, I 3.6 (c) ICRT LD ITERITFHZEL/RBICARY £9.

33 74#7—F-RFyTLOBEERN

Z OHIETIEETGIHEH Y % B EOBERTIVCDOWTHEHANE Y. MEOBEIL, v
N3 DR AANMEIZE D H B EAOHESIZIRAL, TIZL > TEEERZ AL
5LVOEDTY.

ZDOHIRETIE, #7212 OpenFOAM DL RD & 5 R HFN LU ET.

o HEFHEFN

3.3.1 FIEHE
MBI TS IcEH LY.

FRATSEL  FEIRIL 2 YROC T, 3.7 ICRT DI, FHOAL, FAUTKENTHIE D 20 % D
BIDEENDY 7.

T AN
o HEHEMRFH

§%+vmdn:o (3.8)

ERTE  COBEIIEWWAN=Y a VIEITOBIEHE B o T Wb, BiT/N—Y 3 v Tld fvTolerances Tl37: <
fvSolution, solverTolerance Tl < tolerance, solverRelativeTolerance Tld7Z < relTol.
BRI WA=V a v DF—TU— R, BTN —Y 3V Tld writeInterval
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Al T e

L ‘ Pl
- N

8 )

—— e § oo

g T e o e o i e

—-

(b) 1000 KE#HDEE T IV

(c) 1000 KIE#HD kR
3.6 NvT ATy THOBDRKE

o HURSIERDRFE SRR

p = pRT (3.9)
. So— R UREOMBIE AR
Y 4V (UU) ~ V- yVU = ~Vp (3.10)

o WMEDZFNFHENX (WL OPDORMEHIZES), e=c, T THY, 7—V T
DEAl g = —kVT IZEDNTWET.

+V. (pUe)—V-(ﬁ

Cyv

Ope

e >Ve=pV-U (3.11)

MEPEHE U=0m/s, p=1Pa, T =1K.
mREMN
o AM () I, WINE fixedValue T, HEU =3m/s = YV /N3, [EJip=1Pa
BIORET=1K
e WO () X, U, pBXUT, WINE zeroGradient
o MY ZRUMWIEEEH (N
o XIFRE (ETH)

TP Sk
o ZERDREVEMREC 1 = 18.1pPas
BAZFHEME

*BRIE  JECTld Dynamic viscosity £ 72> TW2 D%, HUAE - BALNS U TERSERETIE R .
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)\/I:l: U, = Mach 3, p =1 N/m?

/

1.0

Y

A p O |l
)

A
\
\

0.6 2.4
RIS m

X 3.7 7AT7—R - AFv TOEEHEBIIR

o TEMEMEc, = 1.78571J/(kgK)

o HNAEH R =0.714286J/ (kg K)

o BVEERE =3231W/(mK)
r—2% $FOAM_TUTORIALS /sonicFoam* 7 « L' 27 kY DH1IZd % forwardStep 77— A.
Y VX% sonicFoam: JEAEMEDES M - B8 HE R D KARDTAVDFELE.

ZOT—AE, SEFOEEN c=/YRT =1m/s L 8D EDIHMELNTVET. TD
R, HENTOFEYYNBERZD ET. HIAX, AODO#EE 3m/siE¥Y/N3TY. Z
DHEHEDEIEIL, HELSRDEBRR cp —cy = RS, DF Y LLELL

¢, R

— P _ " 3.12
= =at (3.12)

MOMENDDZENTEET.

332 AwIa4p

IO —ATHD AW Y 2 (FHBWEMT, « HAI20.06m, vy GENZ0.05m D, —ik
BE/HEXIVNOGRSTOVET. SEEBRIEMEIC =20 70y 212083 h, —DI3BAED
Em& ) T, O DIFEEL Y BT, ERENEEORIEICN U CTAEME AR
BYET. RTCOEKRE 7OV 7%, UFDOAY Va7 74 IVITRUET.

] ke k= CHt =Ko m *
2 | ========= |

3 \\ / F ield | OpenFOAM: The Open Source CFD Toolbox

4 | \\ / 0 peration | Version: 2.0.0

5 | N\ / A nd | Web: www . OpenFOAM. com

6 | \\/ M anipulation |

7 \* ———————————————————————————————————————————————————————————————————————————
8 FoamFile

9 {

10 version 2.0;

11 format ascii;

12 class dictionary;

13 object blockMeshDict;

}

//*************************************

//
ERE: CNUEE A=Y 3 Y TORE. BT/8—Y 3 Y TIE$FOAM_TUTORIALS /compressible/sonicFoam

Zhd.
TR N —=Y a Y CIREHROAZ 0728, BlIT/A—Y 2 U TIRILIRIZE /IS L T0 5.

-
SIS
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$ 3% OpenFOAM D A

16
17 convertToMeters 1;
18

19 vertices

20

21 (0 0 -0.05)

22 (0.6 0 -0.05)

23 (0 0.2 -0.05)

24 (0.6 0.2 -0.05)

25 (3 0.2 -0.05)

26 (0 1 -0.05)

27 (0.6 1 -0.05)

28 (31 -0.05)

29 (0 0 0.05)

30 (0.6 0 0.05)

31 (0 0.2 0.05)

32 (0.6 0.2 0.05)

33 (3 0.2 0.05)

34 (0 1 0.05)

35 (0.6 1 0.05)

36 (31 0.05)

37 )

38

39 blocks

20 (

a1 hex (0 1 328 9 11 10) (25 10 1) simpleGrading (1 1 1)
42 hex (2 3 6 5 10 11 14 13) (25 40 1) simpleGrading (1 1 1)
43 hex (3 4 7 6 11 12 15 14) (100 40 1) simpleGrading (1 1 1)
4 );

45

46 edges

a7 (

a8 )

49

50 boundary

51 (

52 inlet

53 {

54 type patch;

55 faces

56 (

57 (0 8 10 2)
58 (2 10 13 5)
59 )

60 }

61 outlet

62

63 type patch;

64 faces

65 (

66 (4 7 15 12)
67 )

68 }

69 bottom

70

71 type symmetryPlane;
72 faces

73 (

74 (019 8)
75 )

76 }

77 top

78 {

79 type symmetryPlane;
80 faces

81 (

82 (5 13 14 6)
83 (6 14 15 7)
84 )

85 }

86 obstacle
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87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

{
type patch;
faces
(13119
(3 4 12 11)
)3
}
)3
mergePatchPairs
)

// 3k 3k K K 3K 3K 3K 3K 5K 5k 5k 5k 3k 5k 5k 5k 5k %k 5k 3K 5K 5k 3k 3k 5k 5k 5k 5k 5k 5k 5K K 3K 5K 5K 5K 3k 3k 5k 5k 5k 5k 5k %K K 5K 5K 5K 5K 5K 3k 5k %k >k 5k 5k 5k % K 5K 5K 5K 5k 5k %k %k %k >k >k k k k%

//

333 T—RDETT

ZDT—AlE, 582D URE LS TEFIREBISEL 9. 10s 28T 2 EHIDRER
ZH38ITRUET. ZOMRNSIE, BEDORTMLAEL TWVDEHDAERH, D&
DEREAEHZF IR ONET.

_— £
I%-{EZ 14.
3 12

10 -

s

6 -

42

-

38 7AT—RK - A5y THEIZE T D EERK

334 B8
AODDREEZEARIRLLE, MBIIEZDHELFANTAHAELLD.

34 MMEINLKY VI DRE

ZOBIETIE, MEUZBEAERTRZINZZ Y 25 D/ T % Z21ZF < &5 I

DVWTHANE Y. ZD& D BRHEDOFERICIIENPEDOIEENEETDH Y, Ukt THM
PEDWARE UTET LT D2 HENH Y £7.

ZOBIETIE, #7212 OpenFOAM OLL T D & 5 REEZE BN L 7.

AW Y aDWE
VRAA R D 3%
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341 RIBHTE

FRMTRRYY AU 2 ROCT, M 3.9ITRT DI, NI WIRIEEBPN W ZZ Y 70674

DET.
y;
Yx
100
| |
20 50 240
Hi: p=0 bar

—>L<—m
100 e M 2 BIAVKT L R 2 BE O X5 5
—90° [M|EE X /-8 DTT.
3.9 WHEBA X 22 2 OF BRI

XEcAER ZOMETI, AROEETEET DR EMS DI, FREDEME D3
HeB)EY. WEp LIENp & o LFEODT D ITIIEEDBGRDMEDNE T
o HERLRFH

Op B
o TV () =0 (3.13)
o EEDRHR
Op _ P _
K ¥ (3.14)
Z 2T K I3MEMEEMERTT.
o A BIH)IEMUFOEDITHBMAINET.
p =~ po+Y(p—po) (3.15)

ZZTpo & po FTENTNSRELLIENT, p(po) =po TT.
o Za— b Uk #EE) RGN
opU

BRFH FoamX Z2{fio>T, URNDO LD BYHBERSFMFE 2R ETEET.
e outerWall |Z wall &ff:& U THE
e axis X symmetryPlane & U CTE%E
e nozzle & p = 0bar M pressureQutlet ¥ U THE
o front & LU back L empty & UTHRE
#MEAEHE U =0m/s, p=100bar.
X
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o KOKMERRE* 1 = 1.0mPas
AR
. KOE p=1000kg/m?
o ZMEEJI po = 1bar
o IKDEMGEHR ¢ = 4.54 x 1077 5% /m?
YV IL/RE  sonicliquidFoam: & & # - B E EDEMEEBRIKDOEH I — K.
r—2%  $FOAM_TUTORIALS /sonicLiquidFoam* 5+ L2 N1 MH1IZdH % decompression-
Tank 77— A.

342 XwIakm

DO —ATETIMEINTWEIIROETOIESRE 70y 7%, LRO AW Y agid
T77AINIZRUET.

1 R k= CHt —kmmm o *\
2 | ========= | |
3| \\ / F ield | OpenFOAM: The Open Source CFD Toolbox

4 | A\\ / 0 peration | Version: 2.0.0

5| \\ / A nd | Web: www . OpenFOAM. com

6 | \\/ M anipulation | I
7 K */
g FoamFile

o {

10 version 2.0;

11 format ascii;

12 class dictionary;

13 ' object blockMeshDict;

14

15 // % % %k k %k % % k k %k % k k *x % *k k *x %k *k *k kx %k *k *k *x %k *k k * *x *k *k *x X *x *
//

16

17 convertToMeters 0.1;

18

19 vertices

20

21 (0 0 -0.1)

22 (10 -0.1)

23 (0 0.5 -0.1)
24 (1 0.5 -0.1)
25 (1.5 0.5 -0.1)
26 (0 0.6 -0.1)
27 (1 0.6 -0.1)
28 (1.5 0.6 -0.1)
29 (0 3 -0.1)

30 (13 -0.1)

31 (0 00.1)

32 (100.1)

33 (0 0.5 0.1)
34 (1 0.5 0.1)
35 (1.5 0.5 0.1)
36 (0 0.6 0.1)
37 (1 0.60.1)
38 (1.5 0.6 0.1)
39 (0 30.1)

40 (130.1)

a1 );

42

43  blocks

112 (

*BRIE : JE3CTld Dynamic viscosity £ 72> T2 A, HUHE - BALS U TEPRSERETIE R V.
R T E WY a Y TORLE. BifT/N—Y 3 Y TIE$FOAM_TUTORIALS /compressible /sonicLiquidFoam
Zh 5.
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45 hex (0 1 3 2 10 11 13 12) (30 20 1) simpleGrading (1 1 1)
46 hex (2 3 6 5 12 13 16 15) (30 5 1) simpleGrading (1 1 1)
a7 hex (3 47 6 13 14 17 16) (25 5 1) simpleGrading (1 1 1)
48 hex (56 6 9 8 15 16 19 18) (30 95 1) simpleGrading (1 1 1)
19 )

50

51 edges

52 (

55 )

54

55 boundary

56

57 outerWall

58 {

59 type wall;

60 faces

61 (

62 (0 1 11 10)
63 (1 313 11)
64 (3 4 14 13)
65 (7 6 16 17)
66 (6 9 19 16)
67 (9 8 18 19)
68 )

69 }

70 axis

71 {

72 type symmetryPlane;
73 faces

74 (

75 (0 10 12 2)
76 (2 12 15 5)
77 (5 15 18 8)
78 )

79 }

80 nozzle

81

82 type patch;

83 faces

84

85 4 7 17 14)
86 );

87 }

88 back

89 {

90 type empty;

91 faces

92 (

93 (0231)

04 (2 56 3)

95 (367 4)

96 (589 6)

97 )

08 }

99 front

100 {

101 type empty;

102 faces

103 (

104 (10 11 13 12)
105 (12 13 16 15)
106 (13 14 17 16)
107 (15 16 19 18)
108 )

109 }

110 )}

111

112 mergePatchPairs

113

114 );

115
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116 // 3k 3k 3k >k >k >k 3k 5k 5k >k >k 5k 3k 5k 5k >k >k 5k 5k 5k >k >k >k >k >k 5k >k >k >k 5k >k >k >k >k >k >k 5k >k >k >k >k >k >k >k >k >k >k 5k >k >k >k >k >k >k >k >k >k >k >k >k >k >k >k >k %k >k >k >* %k >k >k >k %k

//

BAEDOREE M LD, FEHGOEREMEE UT 1bar 2V E9. NS & BT &
HEOWTNIZE, ZOFREHEN LFEEIND ZLITFERL T AT,

3.43 FEITO#(E

SIRDOBREZBODENS, AL LU TWIHRIIHTIREHEEZE R DHEN D
DET. WEZBXTVIHETI, WEOEEIER TN <KD £, EHPEIZAKT
DEHRTEELET. FHRIILUTOLDIEEINET.

1 1
c ”7# ’/4.54 107 83.2m/s (3.17)

BIRD A Y ¥ 2IZENWT, Ay Y aDREEIEXS ET 2mm (7 7 ) blockMeshDict T
PhRRE 0.1 L U2 LIZER) TY.
UAt
Co="3s
EMS CTHYARRMATY 725228, BEZT At=5x10""s L THIEEFHIZH LT
= VEM035 2D FTF. I—RM5HANINDE (BEEIZHEDOL) 77— VUL,
QMIEFE NI VEIZZAR S Z L IZEERE LT ZXW, BRI H B DITEIEDERE DT,
YIial—Ya v vEEE 025ms ¥ UET. *BFIZ, 7 71 )V controlDict % LA NIZHIFH L
9.

(3.18)

1 [k *— C++ —h—mmmmmm *

3 | ========= |

s | \\ / F ield | OpenFOAM: The Open Source CFD Toolbox

a | A\\ / 0 peration | Version: 2.0.0

5 \\ / A nd | Web: www . OpenFOAM. com

6 | \\/ M anipulation |

7 \* ———————————————————————————————————————————————————————————————————————————

g8 FoamFile

9

10 version 2.0;

11 format ascii;

12 class dictionary;

13 location "system";

14 object controlDict;

15}

16 //*************************************
//

17

18 application sonicLiquidFoam;

19

20 startFrom startTime;

21

22 startTime 0;

23

24 stopAt endTime;

25

26 endTime 0.0001;

27

28 deltaT 5e-07;

29

30 writeControl timeStep;

*ERIE  BEEEDN 7 B I N T WS controlDict Tl 0.1ms 278> TW\W5.
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31

32 writelInterval 20;

33

34 purgeWrite 0;

35

36 writeFormat ascii;
37

38 writePrecision 6;

39

40 writeCompression off;

41

42 timeFormat general;
43

44 timePrecision 6;

45

46 runTimeModifiable true;
47

48

49 [/ Rkskskokokokok ok ok sk ok ok ok ok sk ok ok ok ok ok ok K ok ok sk K s ok ok ok K ok ok ok ok s ok ok K ok ok ok ok sk ok sk K ok ok sk ok ok ok K ok ok ok ok ok ok ok ok ook ok

//

344 H—RADELT

Pressure, p

(bar)
100
90 .
80 -
70 :

Ly
Dl
(a) t=50ps D& F (b) t =100ps D& ¥ (c)t=150ps D& X

3.10 N DO=RE

dxFoam* T7 — A% ETL, FR2AULT DI N TEIET. R ) 2 SHFH
LTneesi, JANVIH>TENEIBEL TWE XY, ZOENERZ YT AL
WET DY, TO—EIEX Y 7N ED>TVWE, —EIIRSINET. AONT 7O L
FTTCEPKPIND ZLIZEY, BIEEZVIHNIZENY, EFELTHEET. X310 I1ZF
HEEFEFEHRTRUTHETOT, BHEOFMEMRTOY MLV E, HHEHALDIE->SV LR
TENET.

HELYIal—yavaEtoREORBES U TR INZENNS TETRL>TE /25,
2R : OpenDX % R U 7= KA MLELY — )b, BlfT/A—Y 3 VICEE R TOARL.
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HADHSENBUTELETL LS. 2D LXZDMN< DDOYEFEAI 2 KRBT X %D
&, WAEDIES, $ADBAFEERITEZLDICETY VIINTVENSLTY. L»
UBMLBIFEITIE, EEZEDBIAHORFYREMAAISERLT, FYyEr—Yay
A SR Y £I. ULAM-T, EHL, BIKOERKEI VIERVEDZE, 2a<
EEFYET—Ya v T O ANEE D IFEERBICIES D TRIFIE, —MBIITmEL
LEd.

345 Ay Pa1DHRRBRICLZIBONE

BONZENBORHFEELZ R TWD &, JEJENE V7 NI ERE U T AR CRUER
KB UTOWBERETFBHLNIRTENET. /2, W D2EDRNVEEETLMICEN
BRSO TNBZEEHHOLMNTT., TIT, o8y —TRIREHDMURIE 2155 720D,
AWy amzBRRLU, BEATY 728E UTAZL LS. H#IZ blockMeshDict % it L,
e BTy HEIZODWTRIVEE AFIZHPLUET. 2%, 7O0v 201X (30 20 1) »
5 (120 80 1) 2L EJ. F»ELEMETY. ZD7 71 ) %fH>T blockMesh 2547 L %
T ZNTHMART, 27— V8% 1UFITBEDAEDIZ, UAENS>TALt=10""s12, FH
AT TREMTI2BENRHY T, ZO2EHOYI AL —Ya Vi, HM311IIRT L
ST, EHPEORGIER T OSIAWELTOET.

Pressure, p

(bar)

moll
90

80 -
70 :

(a) t=50ps D& F (b) t =100ps D& ¥ (c)t=150ps D & X
B 3.11 BERAY Y2282 EHEOER

3.5 ®EMHERAERN

ZOBIETIX, WHOh @i, ERDEEZ DS PROTRIZDOWTHRNES. Z0
M, EERADY (MHD) & LTRGBS, HEDFEDO—2D3ETHY, mhdFoam
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ZEVET.

35.1 MIBHRE

ZOMEIF NI Y VRIEE L THSNTH Y, BRI L > T mhdFoam Z#REF T X

LZDOTEVEUL. MBI TOIIIZERINET.

FRATRRIE AHIEIE 2WROCT, B 3121RT L SIS, 2MDFEAT BRI > mn b4 Y

9.
P
\ ~ TBy::%)T / 2
\ /
A: U, =1m/s HIT: p=0 bar
3.12 NV b VR F A GESI IR
YERARER

o FEEMVEFRIAOE RN

o FREAEVEFRR O EEN R R
oUu

7+V°(UU)—FV-(ZBFBUB)—FV-(I/U)—{—V(FBUB:B):

ot

ZITBIIHEETHY, I'py = (2up)~ ! TT.
° 771‘71]1/@73*%5&

0B
E=——
V x 5

ZZTEIXEGRETT.

VxB=0

oD
H: _—
V x J+8t J

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)

OD/ot < J EfRELTWEY. 2T, HIXEGME, JIXEREE, TL

T DIFEREETT.
o  BRTOMFAEH

(3.24)
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o A
B=uH (3.25)
o« A—LDEH]
J=0(E+U x B) (3.26)

o X (321), X (3.23), X (3.26) ZMAADLET, EizELo>~ZED

86?—|—V'(UB)—V'(¢B)—V'(FBB):O (3.27)

RARRM
o inlet [FHEREE U = (0, 0, 0)m/s D inlet /& UTHRE*
o outlet [FESEE p=0Pa D outlet & UTHE *
o upperWall & B = (0, 20, 0) T ® wall & UTHE=E
o lowerWall !k B = (0, 20, 0) T ® wall & U THE
o front & & U back L empty & U THRE
MEAZHE U =0m/s, p=100Pa, B = (0, 20, 0)T.
Epe Sl
o  HEPMMELREN v = 1mPas
o EEp=1kgm/s
. BWREEE s =1(Qm)
o ZEWEp=1H/m
YV ILNE  mhdFoam: FEMEAME CREROERRA T — R
r—2% $FOAM_TUTORIALS/mhdFoam's « L7 bV ®HiZd % hartmann 77— A,

352 XAvwIaHdRK

FHRAEI L A2 100 BV, y AR 40 2L & UTHEMIZET LI NTHET. TH
MBELO 7OV I EUTFTDAY Y 2AEHET 7TAIVIRUET.

1 R k= CH+ —h—mm *\
2 | ========= | |
3 | \\ / F ield | OpenFOAM: The Open Source CFD Toolbox

4 | A\\ / 0 peration | Version: 2.0.0

5 \\ / A nd | Web: www . OpenFOAM. com

6 | \\/ M anipulation | |
7 A\ */
g FoamFile

o {

10 version 2.0;

11 format ascii;

12 class dictionary;

13 object blockMeshDict;

—
IS

//*************************************

//

BRI - WA= a v Tldinlet, outlet & WO BEREMNH -7/ ? CREER) BHiT/N—Ya v Tk, Th
THUDHDWIdp % fixedValue & U, flifi% zeroGradient £ 4 5.

PR : 2 VA—U 3 YV TORE. B33~ 3 Y TIE$FOAM_TUTORIALS /electromagnetics/mhdFoam
Zhb.

[
t
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16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84

86

convertToMeters 1;
vertices

(0 -1 0)
(20 -1 0)
(20 1 0)
010
(0 -1 0.1)
(20 -1 0.1)
(201 0.1)
, (010.1)

blocks
(

hex (01 23456 7) (100 40 1) simpleGrading (1 1 1)

edges

(

)3
boundary

inlet

{

type patch;

faces

(

(047 3)

}
outlet

{

type patch;

faces

(265 1)

);
}
lowerWall

type patch;

faces

(1540)

)3
upperWall
{

type patch;

faces

(

);
}
frontAndBack
{

(376 2)

type empty;

faces

mergePatchPairs

(
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87 );
88
89 // 3k 3k >k 5k 3k >k 3k 5k 3k >k 5k Sk 3k 3k 5k 3k 5k 5k 5k 3k 3k 5k Sk 5k 5K 5k 3k >k 5k Sk 5k >k 5k 3k 5k 3k Sk 5k 5k 5k 3k 5k 5k 5k 5k >k 5k Sk 5k 3k Sk sk >k 5k Sk 5k >k 5k 5k 5k 5k Sk 5k 3k 5k 3k k5K 5k %k k >k %k

//

353 —RADELT

dxFoam* T/ — A% EIT L, MREZALUET LI LNTEET. U XY MLgGn» HAE5E]
DAF T 57 % E YD H3 Ucomponents T—7 1 ) 7« £FF]TY. EREIRARDRNIE, F
L UT, Kt hicxd 2 BN R EEDOE LT/ OV b VBT

Ha=BL,|~ (3.28)
pv

Lo THELINEY. ZITLIBRMERITY. 2OV —ATE B, =20T, Ha=20
THY, MM U CEENBAEBAIPLEATY. LR T, Mg -o»)Es
W57t =25 2BWT, HERD = 10m (23 > 72 Wi C A 72 3 & A6 13 KER 49 A3 FEIH
IZE>TWETY. dxFoam TU, DA% 7771270 h§2ZeNTEET. IT,
WEE B%1TIZHS5 LT, §HE 32— R & Ucomponents # FHETUTAEL LD, 2D
JT—ATIE Ho=1¢7%2Y, HIFXPEEWRAEBDPLENTIEZRLSAZY X9, Lado
T, M3.13I1ZRT LD, HEDMIKRT X1 LRNDORETH 2 kIR e 2D £9.
d— RZMEET 272012,

Uz(y)  cosh Ha — cosh Ha(y/L)

= 2
Uz(0) cosh Ha — 1 (3:29)

THZbNDHENMG U, OfENIRZ M 313 ICERTRLUET. 22T, BEEX LIZE
HAEBROWED ¥4, DFY) 1m TY.

*HE : OpenDX Z A U ZZRA MUWHEY —)b, BT NA—=T a3 V& ENTHRW,
PR BTl M AMEDN TV BED, DIz \WDT Ha & U7,
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0.0 0.5 1.0 1.5
Uy (m/s)
313 B,=1T8&U' B, =20T OV b~ VIEIZE S 2 #E Hi
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