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Copyright © 2011 OpenFOAM Foundation.

This work is licensed under a Creative Commons Attribution-NonCommercial-

NoDerivs 3.0 Unported License.

License

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS
CREATIVE COMMONS PUBLIC LICENSE (“CCPL” OR “LICENSE”). THE WORK IS
PROTECTED BY COPYRIGHT AND/OR OTHER APPLICABLE LAW. ANY USE OF
THE WORK OTHER THAN AS AUTHORIZED UNDER THIS LICENSE OR COPY-
RIGHT LAW IS PROHIBITED. BY EXERCISING ANY RIGHTS TO THE WORK PRO-
VIDED HERE, YOU ACCEPT AND AGREE TO BE BOUND BY THE TERMS OF THIS
LICENSE. TO THE EXTENT THIS LICENSE MAY BE CONSIDERED TO BE A CON-
TRACT, THE LICENSOR GRANTS YOU THE RIGHTS CONTAINED HERE IN CON-
SIDERATION OF YOUR ACCEPTANCE OF SUCH TERMS AND CONDITIONS.

1. Definitions

a. “Adaptation” means a work based upon the Work, or upon the Work and other preex-
isting works, such as a translation, adaptation, derivative work, arrangement of music
or other alterations of a literary or artistic work, or phonogram or performance and
includes cinematographic adaptations or any other form in which the Work may be
recast, transformed, or adapted including in any form recognizably derived from the
original, except that a work that constitutes a Collection will not be considered an
Adaptation for the purpose of this License. For the avoidance of doubt, where the
Work is a musical work, performance or phonogram, the synchronization of the Work
in timed-relation with a moving image (“synching”) will be considered an Adaptation
for the purpose of this License.

b. “Collection” means a collection of literary or artistic works, such as encyclopedias and
anthologies, or performances, phonograms or broadcasts, or other works or subject
matter other than works listed in Section 1(f) below, which, by reason of the selection
and arrangement of their contents, constitute intellectual creations, in which the Work
is included in its entirety in unmodified form along with one or more other contribu-
tions, each constituting separate and independent works in themselves, which together
are assembled into a collective whole. A work that constitutes a Collection will not be
considered an Adaptation (as defined above) for the purposes of this License.

c. “Distribute” means to make available to the public the original and copies of the Work
through sale or other transfer of ownership.

d. “Licensor” means the individual, individuals, entity or entities that offer(s) the Work
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under the terms of this License.

“Original Author” means, in the case of a literary or artistic work, the individual,
individuals, entity or entities who created the Work or if no individual or entity can be
identified, the publisher; and in addition (i) in the case of a performance the actors,
singers, musicians, dancers, and other persons who act, sing, deliver, declaim, play in,
interpret or otherwise perform literary or artistic works or expressions of folklore; (ii)
in the case of a phonogram the producer being the person or legal entity who first fixes
the sounds of a performance or other sounds; and, (iii) in the case of broadcasts, the
organization that transmits the broadcast.

“Work” means the literary and/or artistic work offered under the terms of this Li-
cense including without limitation any production in the literary, scientific and artistic
domain, whatever may be the mode or form of its expression including digital form,
such as a book, pamphlet and other writing; a lecture, address, sermon or other work
of the same nature; a dramatic or dramatico-musical work; a choreographic work or
entertainment in dumb show; a musical composition with or without words; a cine-
matographic work to which are assimilated works expressed by a process analogous
to cinematography; a work of drawing, painting, architecture, sculpture, engraving or
lithography; a photographic work to which are assimilated works expressed by a pro-
cess analogous to photography; a work of applied art; an illustration, map, plan, sketch
or three-dimensional work relative to geography, topography, architecture or science; a
performance; a broadcast; a phonogram; a compilation of data to the extent it is pro-
tected as a copyrightable work; or a work performed by a variety or circus performer
to the extent it is not otherwise considered a literary or artistic work.

“You” means an individual or entity exercising rights under this License who has not
previously violated the terms of this License with respect to the Work, or who has
received express permission from the Licensor to exercise rights under this License
despite a previous violation.

“Publicly Perform” means to perform public recitations of the Work and to commu-
nicate to the public those public recitations, by any means or process, including by
wire or wireless means or public digital performances; to make available to the public
Works in such a way that members of the public may access these Works from a place
and at a place individually chosen by them; to perform the Work to the public by
any means or process and the communication to the public of the performances of the
Work, including by public digital performance; to broadcast and rebroadcast the Work
by any means including signs, sounds or images.

“Reproduce” means to make copies of the Work by any means including without limi-
tation by sound or visual recordings and the right of fixation and reproducing fixations
of the Work, including storage of a protected performance or phonogram in digital

form or other electronic medium.
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2. Fair Dealing Rights.

Nothing in this License is intended to reduce, limit, or restrict any uses free from copyright
or rights arising from limitations or exceptions that are provided for in connection with the

copyright protection under copyright law or other applicable laws.

3. License Grant.

Subject to the terms and conditions of this License, Licensor hereby grants You a worldwide,
royalty-free, non-exclusive, perpetual (for the duration of the applicable copyright) license to

exercise the rights in the Work as stated below:

a. to Reproduce the Work, to incorporate the Work into one or more Collections, and to
Reproduce the Work as incorporated in the Collections;

b. and, to Distribute and Publicly Perform the Work including as incorporated in Collec-
tions. The above rights may be exercised in all media and formats whether now known

or hereafter devised.

The above rights include the right to make such modifications as are technically necessary
to exercise the rights in other media and formats, but otherwise you have no rights to make
Adaptations. Subject to 8(f), all rights not expressly granted by Licensor are hereby reserved,
including but not limited to the rights set forth in Section 4(d).

4. Restrictions.

The license granted in Section 3 above is expressly made subject to and limited by the

following restrictions:

a. You may Distribute or Publicly Perform the Work only under the terms of this License.
You must include a copy of, or the Uniform Resource Identifier (URI) for, this License
with every copy of the Work You Distribute or Publicly Perform. You may not offer
or impose any terms on the Work that restrict the terms of this License or the ability
of the recipient of the Work to exercise the rights granted to that recipient under the
terms of the License. You may not sublicense the Work. You must keep intact all
notices that refer to this License and to the disclaimer of warranties with every copy
of the Work You Distribute or Publicly Perform. When You Distribute or Publicly
Perform the Work, You may not impose any effective technological measures on the
Work that restrict the ability of a recipient of the Work from You to exercise the rights
granted to that recipient under the terms of the License. This Section 4(a) applies to
the Work as incorporated in a Collection, but this does not require the Collection apart
from the Work itself to be made subject to the terms of this License. If You create a
Collection, upon notice from any Licensor You must, to the extent practicable, remove
from the Collection any credit as required by Section 4(c), as requested.

b. You may not exercise any of the rights granted to You in Section 3 above in any manner
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that is primarily intended for or directed toward commercial advantage or private
monetary compensation. The exchange of the Work for other copyrighted works by
means of digital file-sharing or otherwise shall not be considered to be intended for
or directed toward commercial advantage or private monetary compensation, provided
there is no payment of any monetary compensation in connection with the exchange
of copyrighted works.

If You Distribute, or Publicly Perform the Work or Collections, You must, unless

a request has been made pursuant to Section 4(a), keep intact all copyright notices

for the Work and provide, reasonable to the medium or means You are utilizing: (i)

the name of the Original Author (or pseudonym, if applicable) if supplied, and/or

if the Original Author and/or Licensor designate another party or parties (e.g., a

sponsor institute, publishing entity, journal) for attribution (“Attribution Parties”)

in Licensor’ s copyright notice, terms of service or by other reasonable means, the
name of such party or parties; (ii) the title of the Work if supplied; (iii) to the extent
reasonably practicable, the URI, if any, that Licensor specifies to be associated with the

Work, unless such URI does not refer to the copyright notice or licensing information

for the Work. The credit required by this Section 4(c) may be implemented in any

reasonable manner; provided, however, that in the case of a Collection, at a minimum
such credit will appear, if a credit for all contributing authors of Collection appears,
then as part of these credits and in a manner at least as prominent as the credits
for the other contributing authors. For the avoidance of doubt, You may only use
the credit required by this Section for the purpose of attribution in the manner set
out above and, by exercising Your rights under this License, You may not implicitly
or explicitly assert or imply any connection with, sponsorship or endorsement by the

Original Author, Licensor and/or Attribution Parties, as appropriate, of You or Your

use of the Work, without the separate, express prior written permission of the Original

Author, Licensor and/or Attribution Parties.

For the avoidance of doubt:

(a) Non-waivable Compulsory License Schemes. In those jurisdictions in which
the right to collect royalties through any statutory or compulsory licensing scheme
cannot be waived, the Licensor reserves the exclusive right to collect such royalties
for any exercise by You of the rights granted under this License;

(b) Waivable Compulsory License Schemes. In those jurisdictions in which the
right to collect royalties through any statutory or compulsory licensing scheme can
be waived, the Licensor reserves the exclusive right to collect such royalties for any
exercise by You of the rights granted under this License if Your exercise of such
rights is for a purpose or use which is otherwise than noncommercial as permitted
under Section 4(b) and otherwise waives the right to collect royalties through any
statutory or compulsory licensing scheme; and,

(¢) Voluntary License Schemes. The Licensor reserves the right to collect royalties,

whether individually or, in the event that the Licensor is a member of a collecting
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society that administers voluntary licensing schemes, via that society, from any
exercise by You of the rights granted under this License that is for a purpose or
use which is otherwise than noncommercial as permitted under Section 4(b).

e. Except as otherwise agreed in writing by the Licensor or as may be otherwise permitted
by applicable law, if You Reproduce, Distribute or Publicly Perform the Work either by
itself or as part of any Collections, You must not distort, mutilate, modify or take other
derogatory action in relation to the Work which would be prejudicial to the Original

Author’ s honor or reputation.

5. Representations, Warranties and Disclaimer

UNLESS OTHERWISE MUTUALLY AGREED BY THE PARTIES IN WRITING, LI-
CENSOR OFFERS THE WORK AS-IS AND MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND CONCERNING THE WORK, EXPRESS, IMPLIED, STATU-
TORY OR OTHERWISE, INCLUDING, WITHOUT LIMITATION, WARRANTIES OF TI-
TLE, MERCHANTIBILITY, FITNESS FOR A PARTICULAR PURPOSE, NONINFRINGE-
MENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS, ACCURACY, OR THE
PRESENCE OF ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE. SOME
JURISDICTIONS DO NOT ALLOW THE EXCLUSION OF IMPLIED WARRANTIES, SO
SUCH EXCLUSION MAY NOT APPLY TO YOU.

6. Limitation on Liability.

EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN NO EVENT
WILL LICENSOR BE LIABLE TO YOU ON ANY LEGAL THEORY FOR ANY SPECIAL,
INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGES ARISING
OUT OF THIS LICENSE OR THE USE OF THE WORK, EVEN IF LICENSOR HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

7. Termination

a. This License and the rights granted hereunder will terminate automatically upon any
breach by You of the terms of this License. Individuals or entities who have received
Collections from You under this License, however, will not have their licenses termi-
nated provided such individuals or entities remain in full compliance with those licenses.
Sections 1, 2, 5, 6, 7, and 8 will survive any termination of this License.

b. Subject to the above terms and conditions, the license granted here is perpetual (for
the duration of the applicable copyright in the Work). Notwithstanding the above,
Licensor reserves the right to release the Work under different license terms or to stop
distributing the Work at any time; provided, however that any such election will not
serve to withdraw this License (or any other license that has been, or is required to be,

granted under the terms of this License), and this License will continue in full force
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and effect unless terminated as stated above.

8. Miscellaneous

a. Each time You Distribute or Publicly Perform the Work or a Collection, the Licensor
offers to the recipient a license to the Work on the same terms and conditions as the
license granted to You under this License.

b. If any provision of this License is invalid or unenforceable under applicable law, it
shall not affect the validity or enforceability of the remainder of the terms of this
License, and without further action by the parties to this agreement, such provision
shall be reformed to the minimum extent necessary to make such provision valid and
enforceable.

c. No term or provision of this License shall be deemed waived and no breach consented
to unless such waiver or consent shall be in writing and signed by the party to be
charged with such waiver or consent.

d. This License constitutes the entire agreement between the parties with respect to the
Work licensed here. There are no understandings, agreements or representations with
respect to the Work not specified here. Licensor shall not be bound by any additional
provisions that may appear in any communication from You.

e. This License may not be modified without the mutual written agreement of the Licensor
and You. The rights granted under, and the subject matter referenced, in this License
were drafted utilizing the terminology of the Berne Convention for the Protection of
Literary and Artistic Works (as amended on September 28, 1979), the Rome Con-
vention of 1961, the WIPO Copyright Treaty of 1996, the WIPO Performances and
Phonograms Treaty of 1996 and the Universal Copyright Convention (as revised on
July 24, 1971). These rights and subject matter take effect in the relevant jurisdiction
in which the License terms are sought to be enforced according to the corresponding
provisions of the implementation of those treaty provisions in the applicable national
law. If the standard suite of rights granted under applicable copyright law includes
additional rights not granted under this License, such additional rights are deemed to
be included in the License; this License is not intended to restrict the license of any

rights under applicable law.
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Trademarks

ANSYS is a registered trademark of ANSYS Inc.

CFX is a registered trademark of Ansys Inc.

CHEMKIN is a registered trademark of Reaction Design Corporation

EnSight is a registered trademark of Computational Engineering International Ltd.
Fieldview is a registered trademark of Intelligent Light

Fluent is a registered trademark of Ansys Inc.

GAMBIT is a registered trademark of Ansys Inc.

Icem-CFD is a registered trademark of Ansys Inc.

[-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

OpenFOAM is a registered trademark of SGI Corp.

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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W RIE, RELHEDOERZFM T2 € > EIRARNZ AL, T2V IVOREAI KRB AR

%% FOoTEMAMLBNZ Y, DEVRT ML aREILLBHIT 205 IHERUEARY ML
THHILTY. TUYNELE, BERIETLIBEREZ V> IVEEHRVOT, 203Uk
TRIZE>TVET. L, oR:E, & 2iEa; DEDITT VYV IVORESMENOFRRIZH
SRIIZ ISR ODEIRZERLTLEVET. ZOLEF UL AVEERIX, —BETHRY, DF Y RE
W RARAFET DEOMAGHOETT VY INRERBIND Z LI Uiﬁ

CIRWZARETI, FIZT U VIVEHBZ RS ERIIREAT 572012, 128 TR & S BR
FRAOLEIELIHVET. RERLEZHCDIBICIE, oM ZRALET. 2, —
DBIZFE UREN 2 EHEN S, TORTIZOWVWTIRHELTL2L2ToR T, 221X, 2, 3

zll, TNOHEDHZLDZENDEDTY. ZEZIFMDEDITHRY 7.
3

a;b; = Z a;b; = a1by + asbs + asbs (1.3)
=1

INEIRFVIBRINZOMEREERTL2DT, ZOXETIESHE, 5 Y IFEKRLUET.

13 FYYILOREESE

ZDOfiITI, OpenFOAM THHTESZ T VY ILORBEEE Z2 IR THALET. £7, £-
CEHARNLRTVVYINEEEZBILWLTEEEL LD, N, BE, TLTAHNTORAL
V“Tﬁ.M%tﬁﬁﬁ,ﬂ@%t% BHIOWAEZH~ZL, BWIII VY I70%LWTF VYL E

LIZR->TE®RZELET. ZFT VYV IVOBERZEZNZTIUIDWTINE - BE 2175 (e
’C‘ﬁ)‘), 72 21K, ZDODOXRT Mla & bD#EIX

a—b:ai—bi:(al—bl, ag—bg, a3—b3) (1.4)

ERBRVET. TUVNallANT s &I ZREERBRICTHAIE KGR 2020, TV
DEFZINTIZANTZRULEETY. ZERIE, ROLDIZRY £9.

sa = sa; = (say, saz, sas) (1.5)
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TV a & AT DREE, AATINHEDHE 25 LB >TVD L IIZOAEKEE D &
I, DFY, ROEEYTY.

a aq; ai as as
— = (= = =2 1.6
S ( 9 9 ) ( )

S S S
NP BEDHI TR D FEILMNDERFI, JY 7 1A EDT Y INES LD, X HICHEMLH
DflABDLEE R >TVET.

1.3.1 HNiE

NI, 2V r & rDEBED - ODDTFUIINET VT r=r+1r9—2DT VYV IVITD
HETY. v 73FTOTVYIONEEEZUTFIIRUET.

o ZODNRIZ NlalbDONEIFWTMTHY, AROANT s=a-bED N ET.
s = a;b; = a1bs + agbs + asbs (1.7)
o TUVYNT R MVaDHRBIENI MLb=T-a%2< D £7. Zhlk, EPTw
FOHANT MV TELE, BFOEDITAY £7.
Tiiay + Thsag + Thzas
bi = Tija; = | Tora1 + Taaz + Thsas (1.8)
Tz1a1 + Ta2a2 + Tazas
EUT BHFETRIINE, b=a - T=T" - alZBAFDOEDIZRY, ZOEBIZAHT
dhH) EFEA.
a1T11 + agT21 + asTs
bi = a;jTji = | a1Th2 + a2l + a3Ts2 (1.9)
a1Th3 + agTeg + asTss
o TODTVYNTESOWNMIE, UFDOLSBENEE2T VYV P=T-8 %>
V&9

P;j = Tk S (1.10)

ZET-S=(ST.-THT Ly, FEuHTT.
o NI KNNVab3BDODTUYILPONKEIE UFDODESBKNE2ED2BOT VYL
T=a-P%><1YFT.

T = agPyj (1.11)
XD ZNEIEAT, T=P-alZIRDEHIZHY FT.
Ty = Pjray (1.12)

o 2BBDTVYNT L 3FEDTVYVIVP ONEIL, TFDES Bkpz2E23BOT Y
Q=T -P%>DO<YET.

Qijk = Tu Pk (1.13)
XFED INEIETIT, Q=P -TIFRDEDIZRY £9.
Qijk = PijiTik (1.14)
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132 ZOOFVYIDO—ERNE

ZOD2WTFUINT & SO_EHNEIE, AHT7s=T:S%22<VZx9. Zhix, 7V
VA D 9 EHDOFEDFIE L THELNET.

s = T3;S;5 = T11511 + T12512 + T13513 +
151521 + 122522 + T3523 + (1.15)
131531 + 132532 + 133533

2BEDTUINT & 3EDT VI PO_ENREIX RO BN %EEDOX7 MNla=T:P
2O ET.

a; = ]k‘P]k”L (1.16)
ZHUIIEAT, a=P:TIFROELDITHY £7.

a; = P Tjk (1.17)

133 ZOD3ETVYILD=ERE

COD3IWTUVILP EQOEENRIE, ANTs=P:Q 2OV ET. Uk, TV
VIVEA O 27T OREORI L LTHELNET.

s = P Qijk (1.18)

1.3.4 &
ML, ITFD LD BRZ NPT UVYILES LDOHETY.

o ZODNRI Nlak bDHEIZIETIT, ULFRDEDIBEDEEDTVYINT =ab =
(ba)T D<) £7.

aib1 a1by aibs
Tij = aibj = | azb1 azby asbs (1.19)
azbi agba agzbs

o RIUKNlVab2BOFTUVYIVT EONEIE, UTFDESBESZEDIEDOT VIV
P=aT #2< Y%7,

Piji = a;iTjy, (1.20)
ZAUSIER[HET, P=Ta LA FDEHIZHYD F£79.

Ijijk = Tijak (1.21)
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P-20 $1 V) IVERE

It
i

135 Z2OORY MNILDYAORTE

O ARBIIARYZ NVEIFICHEETRHETY., —20ORZ R Nba & blzoWT, Zhbny
OAFEIIUTOE D BENZE ORI "Mbe=axbzDO< ) FT.

¢ = €ijra;by = (a2bs — agba, azby — aibz, aibs — agby) (1.22)
I TCEBETIIUATOLS ITERINET.

0 WVWINLZODRENELVE X
eijk = +1 i, 4, kM1, 2, 3DMBELD L X (1.23)
—1 4, j, kW1, 2, 3OFEBDL X

HiEH 13123, 231 BLU 312 THY, FEHIT 132, 213 XLV 321 TTH.

1.3.6 ZDHO—KHNART VYV ILEE
OpenFOAM Tffib b, KN THRWHEPEHEMHZEZ U NIZRU 9.

& FTUVILORE, TNEHHEOTVVINBETERERINET. FlZIE, R bad
— i a?=aa TT.

nE TUVINDOREL, FTNEEBEOnHOTFVYIVABETERZEINET. HlXIEX XI7 K
NV a®3FElXa®=aaa TT.

FEHEE T2V IVOFHHNMERR, ThEEEDr 7Y IVOr BEAMET, ANT L8
9. HIZIE 2BT VLT IZOVWTE, TP =T:T TY.

MHE  FHMEHED AR TT. BIAE, TV TICOWT, [T =VT:TTY. #fi
EXDNRY MVIFBAIANY Ve K ET.

BANS HEEEEBUARADMEZEDTVYIVOKRSTY. DF V) ERAOHNETIZH Y
FHA.

BNRD BRNOEZE DT VYVIVDOKDTT.

BAFEHEE 7Y IVDTRTOHRDDOFEGETT.

AT—Ib #EiOLHY, AT—IVEHX HE2TVVIVORGERIUC T Y7 OMDT VY IV
DERTATr—) V7 UET. ZHUE=DDT VYV IVOXNIGT % k40 [F L ORE T2l X
NET. PAIE, RZMLadDRZ MV bIZEBATr—D) V7%, UTOL D BESO
R MewD<YET.

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

1.3.7 AT EBATVYIL

2D T VIV T IFRIENR T MVEE, T80, NEb=T-all&>T, H5X7 ML
a ZHlDORTZ ML ITHEU DT AL UT, BMEICERINET. 2, y, 2 BERNSH LWV
JERESR ¥, y*, 2 NDBHDT VYV IVDREREEE UTHEET D LD, TORD %R &N
TEET. ZOLET2LMT VIV EVET. ANTIFEBIZE>TEILL FEAD, N
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7 M a i
a*=T-a (1.25)
DEDITa* ICEBMINET. 2OF VYV S IF
S*=T.8.T7 (1.26)

o T T B MINE T
BT VYN T, H35Y YV ETNEHSERT 2LV RANLERINET. T/
TOXRYT M alZx LT

a=1-a (1.27)

LY, DY

00

10 (1.28)
0 1

YHRYVET. 22T, 6 B/BRYI—DFAAL LTHSENTVET.

138 fEflALTvvIiolaER

TEIFREERXZUTIRULEY. IhH i, BET 2 IR TOMAPEEL TERTH
BEVOREDE ETRIHTEET. ANT s ERXTZ MaBLUTbEHVTRILLTWET.

(an)

x (Vs)=0

V-(sa)=sV-a+a-Vs

X (sa) =sV xa+Vsxa

V(ia-b)=ax (Vxb)+bx (Vxa)+(a-V)b+(b-V)a (1.29)
Vie(axb)=b-(Vxa)—a-(Vxb)
x(axb)=a(V:b)—-bV:-a)+(b-V)a—(a-V)b

Vx(Vxa)=V(V-a)—-Via

(Vxa)=a-(Va) - V(a-a)

INTRILOBRZHIET DL XL, UTFD e dfHEXRZH TS LENLDIENHY £7.
€ijk€irs = 5jr(5k3 - 5js(5kr (1'30)
139 2TV YVILBEDRE

ARIZRT DI, 2T VUV IVDES =2 EBIET D4 RERNBH D £7.

gE A (1.2) TRUALDIS, 7YV T =T, DEEXTT =T, TT.
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XHTVILEE (REF) TV 128ThRRZESI1Z, T =TT O &SI WA S
MR T VYNV ERIRT VIV e KO FET. BTV VILE UL IEKHRRT >V VI
T=-TV'ThHV, YRTH =Tpn=Tx=080FT. 5P 2T VIIE, LA
TOLIITHT Y VIVEET VY IIZHEITEET.

1 1
1%:§T+1”y+#T—1”y:WmmT+ﬁmwT (1.31)
T Y EBT VN

ML—2R FUVINT OV —RAIAMED OB % L5/~ ANTTT.

tr T = Ty + Tho + Th3 (1.32)
MNAE 2BTVYNT OXNMRD2HRa e 3257 MUVEKLUET.

diag T = (Ty1, Tho, T3) (1.33)

RETVYIERBKETVYIL HO5PD 2T UVINTIE, trT =0 R5HEKD &, A
NI sIZHUTT =sI EBRDBEKIERIZHETEEYT. HoWwd 2T VIV, BL
TOIDIURET VI IVEEKET VI IIIHE TS ET.

T=T- 1(trT)I—&— é(trT)I =devT + hydT (1.34)

3
~—_————— —_———

RzETVYIV HKIET > VIV
TR 2TV INVDITHIRNIILA T TEZAONET.
T T2 T3
detT: T21 TQQ T23

T31 T30 133 (1.35)

= T11(TaoT33 — TogTe) — Tio(To1T33 — To3T31) + Th13(T21T32 — T22T31)
1
= geijkepquiijqur

REF TUVNVDOHLZEAVIET DT LHEWMIRNTTELEDZ 2 x2DF5Xe LT
AL 28 D%, TUVIVDTNTNOEINITNT H/MTFRE DN ET. FIZE, Tio
XY B MTHIA

T
T
T3

= 151133 — T23T31 (1.36)

LBV EY. RERTLIE, TNTNDOEDDMEIZGE U TEA ROV —IVTRSAIT U

IMTFHIATT.
i+ j HMEBUR B I +
\ ‘ (1.37)
i+ J AR HIE -
T ORNTFIGUTDOE S22 9.
cd]ﬂzéghengﬂr (1.38)
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Wit TYVINOHICIFLL T Tl I N E .

cof TT
invl = ot T (1.39)
Ry P[RR TUVNDRY IR EE, UTFOLS RS %E2E DT MLVTTY.
*T = (ng, —T13, T12) (140)

1.3.10 RASHEDEE

OpenFOAM %, AA T 2D L<HONAZBEBDIFLALEZTFR—-FLTWVWET. HlXIX
AR, fRE, A, IERE, REBRET, 5D AMMNE121ZHY £F. OpenFOAM T
&, THNHITMATLARO 3HEOBEEHRINTVET.

RS ANT7 s DRFREUTFTOLDIT/OENET.

1 s>0DE& X
sgn(s) = (1.41)
-1 s<0D& X
E#H AN sIZHUTUTFOEDIZELNET.
1 s>00D& X
pos(s) = (1.42)
0 s<0D& X

IR AHT s DAAT n il XBHIRIEATOE S48 9.

5 s<ndD&X
limit(s, n) = (1.43)
0 s>nD&x

1.4 OpenFOAM DTV ILI Z R

OpenFOAM (Z1d, TNE TR LD BT VI IVEFED DD U 5 AR %R & A T2 primitive
VD CH+ DI TATATIVUNHY £F. OpenFOAM THREHEIZHZ 2FHART VIV
FAERILLIZHELUET. ZORIIETVVIVOMEBMDEINCT 78 AT 3OO, W
LWL 7 7R ABEBEIELTHY £9.

AV <Y i HARI I A T ABEK
0 ANZ scalar
1 N7 M)V vector x0),y0,2z0
2 F VIV tensor xx ), xy (), xzQ), ...

# 1.1 OpenFOAM IZBFBHAT UV ILI T A

%

\

.5;

(1.44)

I
-~ e e
co ot N
© o w

1%, OpenFOAM TIIIXD 11T CHEETEEY.
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tensor T(1, 2, 3, 4, 5, 6, 7, 8, 9);

T A xz() TR Tis 2FY Ty, W7 7B ATEET. HlzIE, 2—R

Info << “‘Txz = ’? << T.xz() << endl;

&, ANZEEICH DU ET.

Txz = 3

1.41 OpenFOAM ICE T2 TV VILOREIESR

1.3 EiITRARZFTRTORBEHEIEL, OpenFOAM OF VIV 5 AIZX LT, BFEDRIE
WCE LB THHATEET. W< O20BEIE, FlIZAIE symm(O) D &SI, HIZERIYZA
BTREL 9D, Z2OMIZOVTIE, FIZIE*DE S REAFR S CEHHATEEY. ¢
NTOEEFR 12125 LET.

A fifi% G OpenFOAM TOD K
& a+b a+b

TR a—>b a-b

AT T sa s *x a

AT T REA a/s a/s

A TE ranka,b > 1 ab a*xb

N ranka,b > 1 a-b a&b
—HNME rank a,b > 2 a:b a & b

2 0 AFE ranka,b =1 axb a~ b

] a? sqr(a)

ST O AE la|? magSqr (a)
Ao fE lal mag(a)

R 0,1,..., a” pow(a, n)
AR Y4 1=1,...,N a; cmptAv(a)
IS YN YN 1=1,...,N max(a;) max (a)
/N 1=1,...,N min(a;) min(a)
A=) scale(a, b) scale(a, b)
Al 22 4 FUVINTIZED a DEMER  transform(T, a)
2TV VILHEDER

LIRS TT T.TO

X £ diag T diag(T)
FL—2 tr T tr(T)

i 22 .53 devT dev(T)

[V s hyd T hyd (T)

X FRE 3 symm T symm (T)
%y skew T' skew (T)
175158 det T det (T)
RAT cof T cof (T)

Wit invT inv(T)

Y IR *T *T

R X TIRRT TV 5.
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P-25

AASHEDERE

e (EffE)
EE (EfAfE)

B (EfhfE)
IR

SEA R

e

EE/S TR
R

N

R

E#E

WL

WARTL

Wi E R

WiARTE

L b L

I HHARAR L

A Ff i L %

PR SUMEGA
PR SUANGA

R A %

A EAR
Al A B A
W v~ B
0RO 1 FERY
IVEEEL
1IRDE 1 XY &
IVEE %R

0IRDE 2Ry 2
IVEE %R

1IRDEE 2R &
JVEEER

sgn(s)
s>0
s<0
limit(s, n)
Vs
exp s
Ins
logyg s
sin s
Cos S
tan s
arcsin s
arccos s
arctan s
arccos s
sinh s
cosh s
tanh s
arcsinh s
arccosh s
arctanh s
erf s
erfcs
InTs

.]0 S

J18
Yos

Yis

sgn(s)
pos(s)
neg(s)
limit(s, n)
sqrt(s)
exp(s)
log(s)
logl10(s)
sin(s)
cos(s)
tan(s)
asin(s)
acos(s)
atan(s)
acos(s)
sinh(s)
cosh(s)
tanh(s)
asinh(s)
acosh(s)
atanh(s)
erf(s)
erfc(s)
lgamma(s)
jo(s)

j1(s)
yo(s)

yi(s)

RGN ZVNEYD a, bIMEREZTVI7DFT VYV
SIEANT, NIZTVVIESOB

# 1.2 OpenFOAM 2815 T ¥ VI OREEHRA

1.5 YIBRITTDELAL

NI, WIS 5 @IS WA CRE X hE T, BRI, ERIEFT 7T A (kg),
KRB/ A — RV (), ARSIV (kgm=Ls2). 245 OYELE IS 2 (R0
&, EHENAIE R ETHDRITIEEY A, BT, 8, WE, e, WU
R OB A LT DA, WHEIMAERE B . MRS OEE L FHT 5012,
OpenFOAM |2 L—F 43 51D % 7V IVICWEIGE DB 2 AT 5 2 & #HERL, ZHIC
LD HBWET VY MHEORICREDF v 7 Wb E .

BALE, BIZIEBA RO L 512, dimensionSet 7 7 A TE

HINZET.

dimensionSet pressureDims(1, -1, -2, 0, 0, 0, 0);

Z T, TNTNOMEIE, £ 1.3I1ZHZE L - ST EAGT BB FNTNOHRBEZRLTHVET.
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FUVIIVEE

HH1E

No. Y& AN =7

1 E= FOr oA kg

2 EX A— NI m

3 MR i S

4 BOFRE TIEy K

5 YE s I mol

6 EiR T URT A

T OHE YT cd

1.3 SIEARFEHfL

Z D I— R Tl pressureDims %, E/kgm~'s™2 D dimensionSet X LTHESLTWET.
2H pressureDims DI FEF DO BRYDEH 11 kg! XKL, —2HD —1ldm™ ! 2K7,
BREDESIZTY. BN EDT >V IViL dimensioned<Type>T7 > 7L — KNI T ATEHEIN
F9. <Type>idscalar, vector, tensor £ & TY. Z D dimensioned<Type>I%, word 7 Z AD

R4, <Type>DfH, T U T dimensionSet = f£FFL £ 7.

dimensionedTensor sigma

(

"sigma",
dimensionSet (1,

_1, _2: O: O: O’ 0):

tensor(le6, 0, 0, 0, 1e6, 0, 0, 0, 1le6),

)

&, EAHLZWNEIEHELUTUNSARNERILE E DU TDOT Y IVe DY £9.

109

o= 0

0

0 0
106 0
0 106

(1.45)
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anle W= = =
52

=
aral{b 3

INFETET VY IARBIZOWTHERLUTEE UL, RADPMRES ZWRMS AL, 7V
VLD K ORI T2 ICEHT2EDTT. ULAE-T, 7YYV, TRbbM
BEOEMOMHEIKIZ D> TET BT VY IMAL, BEHEIETI2HERHY £3. ZDOET
X, FFIEUOICBET T NTOMAEEDOHFHIREZMH L 3. £UT, OpenFOAM
TIETVYVIEGRED LIS IZHEEINTVDZDD, INS6DGOMMITED X 5120 TRER
NEHEBALI N O EHALUET.

Avilxy

21 WoEETF
EMMA 2 ERT BN, NV MVFEETF TSV EEALET. BFRLTR O L lp
nEy.

B o (9 9 9

F T IEAE L, PAROI—IWHES R RRGIETT .

o TYVIEMT R L EX, AFOHMNZAED ST, @H OO DIV—IVIHED . H
o THPSNDOGA, F 77 HEFRIREEFICE T 2EHDONT MV EFRICIRD S .

211 4Hie

AN s EZEINTWT, EMOATEER 5IF, s DAHL Vs IZPATFDRZ UG E 3
FI.

(2.2)

Vs:ais:<as 0s 83)

dx1’ Ozo Oxs
HEIEH 5D E TV VIVIBIZERAL, —D IV I70EWT YUY INVEEED £3. Hz2I1E, N
7 NV a DEKLIX, ARD 28TV ILTT.

Oal/axl 8@/6:31 aag/al’l
Va = 0;a; = | 0a1/0x2 0Oay/dry Oag/dxs (2.3)
8a1 /61‘3 aaz/al‘:g 8&3/61‘3



P-28 H2E HEULFE

2.12 HEX

R MG a DEBEINTWT, HEMD TEER 51X, a DFEUILLTDO A A ZGL A 7.
_ 5. _9a  Oay  dag

V-a—é?za _81'1 8:(}2 8903
IV 7 1A EDHEPDT VI IVGIERL, —D2 I V7 DBWT VY NVIGEEYD F
9. BIRIE, 28T VG T OFEIL, ARDOXRY MVIGTT (A3 W0WEDIZHIRT ML
WEBILTERRLTWHETD).

(2.4)

8T11/8x1 + 8T12/81‘1 + 8T13/81’1
V-T= 8¢T¢j = 8T21/8$2 + 8T22/3:E2 + 8T23/8a:2 (2-5)
8T31/a.%'3 + 8T32/8x3 + 8T33/8£L'3

2.1.3 [Ol#x

NI MNVGa BEFRINTOWT, HEHHD TR SIE, a DHEEEV x a (ZEATDONRT bV
LR EY.

e djay = (2% Q02 Om Oag Oay  Om
Vxa= ewkajak N <81‘2 83)3’ 8.%‘3 &m’ 81‘1 833‘2) (2'6)
MIFRIE AT D & S IZA)N & BRI 5 E T
V x a = 2(xskew a) (2.7)

214 STSVTF7V

STV T U, BEFEAIZIEVE=V.- VDL, BREARZMAEGDETCEHETES
HETT., LELERLT TSV TV, TUVYNMVDTI V2 —D B3R —DO T35
BOZODOMAGEDLEEEZDLVE, HE2TVVNGERIU T VI ORODT V) IVIGITE
T2 -DODHELEZDRNEITT.

EBUZ, FT TR RVEHAFLUTEBLEZELDIZ, T3V T VIRMTDESIZAA
FHAT L UTERT OO mETT.

0?2 9% 02

2=0=z 54+ =+ — 2.
V=9 8x%+3m%+6:ﬁ§ (28)

WzIE, AT sDIT T T IIUTDOANTIHIZRY £79.
d%s  0%s 0%

Vis=0%= -+ +

o2 T oaZ T o2 (29)

2.1.5 BFfEMY

T VYV IO OWTIIEROEENH D £9. FHHEMO 2RET D L 2%, T
T UV, BT BYWEDOH 5 AEEOYHEIZEEL TWA I e 2BWVWHTHKENRH Y F
T, MEORDOH B EB NS WERTED DD ITRF-DEE 28 L, T2V IVYELE ¢ OFRY
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BALEBETEZ L 2EZ 2L, UITFD LD ITERIND BB OB H D\ NIWE S
B F9.
Dé . A¢
Dr ~ AT AL (2.10)
U UARDG, @AY, RHIHIRDZETIE, £2< 054, ERICEZEINAZ 1 ETD ¢ D
R tZE, TOEZ2ERINTITNEBTIEDL UTHELUET. EHND 1 EHTOIDOE
fbik 0/0t TERRI N D ZEMREEMS & &iEN, RO &S IZWEMS L BEMN TN ET.

D¢ _ 9¢
o = o TU VO (2.11)

ZIT, U YEE ¢ DFEELTY. AUDH 2HIK ¢ DE{LOBFEZ L LTHLN T
9.

22 BEBUEDOBE

HOMEE L & 1%, MEOHREADIEMZE®RL £9. ARERE, BLUAREREPH
BRAEDIED & 5 BT OMD TR, WINELURD L S IHIEZ#EBLL £9.

ZEOBMMLE MOEREE, 0L OB EDEMOMHESZH LTS L5 BEDOESTE
#LUEY.

R DBERIE  GEEWOMBEIZOWT) KEOERZ, HEOXHEDDWIEATY TOH
BRZBANEDEL X9,

EX OB MEZRT SRS ARRABENS, RO TN THOAE TEE S 7z fE
BIZEALT, REAREZMEL T

221 OpenFOAM DY R k &35

OpenFOAM Tlix, 7— X DEAEHEFELTENT, TOT7F—RIIH U TREERD L S
BEBEZEMT 2N LS BEIIZARY £F. 2T OpenFOAM 1%, Type DB Z k& L
7~ Type V7 ADH P2 ATV hDY) A NDEKEAREICT DES T L —h 7T A
List<Type> %24t L TWE 9. OpenFOAM Tl, TV YNNI FZADY ANET Y TV —17
7 A Field<Type>IZ K > THHETERINTVE Y. I—ROGERMEEZ LV RS TDH201Z, H#i
Z X Field<vector>® & 5 & Field<Type>D A » A& ¥ A%, typedef EF!IZ &) scalarField,
vectorField, tensorField, symmTensorField, tensorThirdField, & L T symmTensorThirdField &
WHEINTWET. Field &5 LORETEEIL, TNODERFRIUBDOERZEZE >TWDS, Lo
S DRSO E L TEITTEET. OpenFOAM IF, HdHE—D2D 7 VIV & D
BEYR—PLTCOVET. HIZRE, U=2.0 x ULWIHEAT, UL\ Field $XNTOFHEIZ 2
EW S scalar EnNF B ZEMMTEET.

2.3 fRNTREOBRIL

fEtr AR DB L 2 X 2.1 IR U 9. RSO EUE A v ¥ 2 Ik I, £DS AT
TR AREARESHEBL I N E . LER LI, REOMLIE, REAT Y 7 At ORIZ Hil
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P-30 PR S RES

AEIINET. DA, HAEICE T, BUERHREHICHE I N RM0EFE L TET
SMELNERA.

X HIZEHMZAR L ANV TIE, ZERIOBESAIZIE, SR % GO IV PMEREICHEDE T 5 46
EHdHY) EFT. INOHDRIVIZHESR, TRDL, HWICERDS Z LR, HEZE2ICHOR
CUFT. #MWAL L2 221RUET.

75 L] I
T
\ L L
At 13
R[] R Ak

2.1 Rt OB

2.2 ARABIROHBILICE IS /T A -4

B L TOMOYELER, 72O TWRIVHIL P TRIFINE I, PR TREI NS 5E
EHYET. B, —RIZ fETRUMSTINSEL BRI TEMIIT 51 E 9. OpenFOAM
TlE, B2 O ZHOBUIHIRIZZR S, FHOBEEICEHTIEHYD A, ZDLD B
FDA Y Y 238, CIVOEDPFED (B ZIXEERNIZIR-72) BLEIZRS A Y Y & K]
UT, MERIEME] L LIENE . ERIFBEAY Va2 L2 3— NE, #HEBORIRNE

OpenVFOAM-2.1.1



2.3 fRMrEEEk OB P-31

MTHo- ) RHZAT 2585813, ETEHRIZAY Y aDEEXEEEZITH 2 8
TXF9.
FEAYDYBERIIEIVFLTEBREINE T, CIVOETERZINDZEDE N D20HY
£9. BILVOHEIZIFEZ 201 THRHY 7.

REE —20%) (222 kA3 ZLiEHY FXA) 208 <SHTY. TNZNONEBEHIZD
WT, OpenFOAM XBET 22 ILDH> b —2%ZDMHOD [FravIV], £5—F% (B
B tUTHEELET.

BRE —D2OZTORIVIIETDIET, TIWPAHEBOERE —HLUET. TN5DOMHIZIEHE
MIZAEE L URD YD FHA.

2.3.1 OpenFOAM ICHIFB Ay ¥ 1 EE

OpenFOAM IZIZW K DNDEAZRZ L RIVD A Y Y aididh HENH Y T4, FTixd-o&
ERARNBRAY Y 2T AT polyMesh IZDWTHRNRNFE T, LA S22 DT polyMesh
EWVNNET. polyMesh [FA FE LUK 2.2 1TRT DT, AV Y aRREERT D 2ODHR/N
PROMHwR TR I N ET.

R HROEENZ NVDY AN, §7480b5 vectorField TT A, DT typedef HEFIZ LY
pointField £ 4T T 6N TWET.

B 'IOmDY A b List<face>, &5\ &k facelist T9. Z I T, face 7 7 Al pointField {2
HIng SHMEFE DY ANTEHRINET.

I LIDY A D List<cell>dh D WM& cellList T9. ZZ T, cell 77 A EELD facelist 12
NI THHEFZOV ANTEREINET.

1®B5  polyBoundaryMesh 1%, BiStOFZ %K /3y FDY A b polyPatchList 2* 5 ki V)
VOTWET. ZOXDBAIET, MITOBRIZ& 42 D/ FIZHRZL5R&M2HEHT
X5 LD ITEAPMMEINET. HS5WPD polyPatch D4 T D I faceList D—DD
T I EFEINTEY, 70y 7O L REOHANDSBPMRT I N7z slice 7 T
AEMFS ZLITEY, TNOOMICHPIZT V2 ATEET. TNZTND polyPatch &
UFNORDL>TWET.
e slice

o HHTZEATIT D 728D word

B IRAREIEIC X D EEEALIZIE, polyMesh IZEREINT W AW ¥ aRICHNK T B [EH D
T=AWBELNET. TD72d OpenFOAM Tld, polyMesh 7 7 A& HEHE U 72 fvMesh 12, &
BRAAREIE I & D EEIULIC B EZRBIMD T — X BMEINE T, fvMesh IX polyMesh 2 5 # % X
N, K2R TEIBRT—EABPREINET. INHDT—XIE, Ay ¥ad#nzd) s
fEXINZD T EHEEITIE, BITRICEFTLZENTEIET.

2.3.2 OpenFOAM IC$ T % geometricField D E £

INEFTOEIA, 8, T2HLLTYIYINDI AN, BIUAYYIABRERTIET. Ih
LELEDLEDLI LT, HBOBBAIZB T2 T VYNNG RZ2EETLIZIENTIET. 2k
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HHEBUE TR

IS F 1

INYF 3
X 5 i} 9%
pointField facelist cellList
iﬁlternal
é.oundary .
» i
_________ ™ polyPatchList
slice ISy F 1
__________ N F 2
N F 3

2.3 OpenFOAM (25 1) B HAM R A v ¥ 2 RELDOBEIEX

5% ] ECIREAE
volScalarField T IVIRRE Vv VO
surfaceVectorField | HDMHER N MV | S Sf()
surfaceScalarField | T DM AE | | Skl magSt ()
volVectorField L)V C cO
surfaceVectorField T H C; cfQ)
surfaceScalarField | MDEZFH ** | ¢, phi()

# 2.1 fuMesh IZ{FFEINDE T —X

OpenFOAM (2B W T, 7V 7L — K2 T A geometricField<Type>iZ & > T

I ET.

Field D IE, FEMEBIZBOTHIZIEENVHLTEREIND ED &, fHBOBEFIZE N THIX
SR ETEHRINDEDIZHTOENET. geometricField<Typex> XA FD & 5 ZIEH % £

HFLUET.
NERE  HALIC, 2.2.1 TR 72 & 5 72 Field<Type>TT.

BER5

Z 1id GeometricBoundaryField TH Y, Z£DHTlk, TNEND/NY FOHIZDWT

Field VE#H I N, TOWAD/SY FIZDOWT Field WEHEINET. DF D Zhi
FieldField<Type>2 7 ZADA 7Y =7 MIFEIND, JBODOY;TY. 72 fvBoundaryMesh

ANOBRBERAEINET. [

Ava fuMesh NDOSIRTE W, TOERLIVHL, [, ZEDIHBEITERINTVD

MR U720 L O DFEITE RS b D 9.

OpenVFOAM-2.1.1



2.4 SHEIXOHRUL P-33

Rt L—P A A RD 4.2.6 IH TN % dimensionSet T9".

HUVME D OEEEEIZIE, BIORBI AT Y TIZB 2507 —Z BB EIZRY) £7. ge-
ometricField<Type>i%, R, —DdWIKHATY 7, BEIUOBELSIXTORID, —
DHWKFE AT Y TIZB W TREI NGO T — A ANDZREHFFE LTV ET.

BB D REFRFDE NKEMREDOFIETIEARENZRHATE ETH, ZHUIFTRIOKERO T —
BNDT V2 A%pBEELUEYT. Z2ITH, BETHIUE, geometricField<Type>ILHi
B DKERFD T —RXANDBIE T ET.

23T/ &I, WHEREIVHOLTERT DI EAETTN, VA ETREFETDIZ &
EE<HY, CIVHEHSTEHRTDI LI EIHY £9. geometricField<Type>id, HNDZE
BMEZTERBINTVDEINIE ST, AIFDEL DT typedef HETCHHAINTWVET.

volField<Type> EA L IVHLTEHRINTND L X
surfaceField<Type> LMLV OHTEHREINT VD L X
pointField<Type> MWLV DEMATERINT VD & X

Z N5 D geometricField<Type>M 6 typedef I N/2HD 7 7 AL 2.4 IZBI/RINTWF
9. geometricField<Type> | Field<Type>®D T >V ILREZ & THAL TH Y, £ TOHAIX
dimensionSet DIXITLF = ZIZHENVFE T . F /2 IRHI Tk N 5 A FRARFEIE DB AL FIEIZ £ 4 A7
THIENHY 7. geometricField<Type> % Ed & SN g 7 7 ARG 2.5% IZ KR
INTVET.

2.4 HiEOBERUE

FREROEHILIC XY, RS AR —MBRICPARD & 5 B tRI N RECGREAICE
MINET.

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

Z 2T [ANKIESALTH, [z] FREBEBEBDFINT NV, b 1&Y —AXRZ MLVTT. [z] & [b] 1,
ZTDAR, Bl Z1E geometricField<Type>, F72I3E > L BIEITIE, ARARREEIC L D52
FAWT W3 4 51X volField< Type> D AALE TER I NZMHD ) A K & WD AKD IEMHERRET
34 <, LUATHIHEETHD [RXT ML) TY.

[A IFRBATEDBREDY A N TH Y, geometricField<Type> TGk TE EFHA. L7zhio
T, WMEDZ 7 A fyMatrix THEZ 5N E 7. fvMatrix<Type>|d geometric< Type>Field DHfHL
LIZ& > THEEIN, LA >T<Type>Z AL E9. T, IFE+, BHE-TUTER*
EWVD R RIT I ORBEEDL < 2 R—-—FLUXT.

OpenFOAM D I — RIZBW TR HRRERDRIEI, TNTNER RO 2 5 A finiteVol-
umeMethod * finiteVolumeCalculus Z W TR I NET. TN 5D T Ald typedef (&
T, ThENfvm BL U fvc LBEINET. fum P fvcld, HIZRIEVE V. 8L 9/0t Lo
7= geometricField<Type> % ML 4 D A 72 R TN ZEBZHMA TV ET. ThH0
Bz, —DOTIERSZD2DI I A fum & fvc TEZELTWDDIE, BAFDOLDIIKHT D 7~

*ZOMINEY T AW EFEIZRUZHDTIEELS, BUAW DONDFEIHY T A% geometricField<Type>iZD
BH% N EEERLZEDTY.
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5

=

2

HEBUE TR

o NESD

R
o NwF 1
SAYE o)

o NHRDY;

BER DG
o NwF 1
o INWF 2

o NESD

BER DG
o )\wF 1
o IS F 2

N F 2

(a) volField<Type>

VAN |

IS F 2

(b) surfaceField<Type>

IS F 1

AN 2

(c) pointField<Type>

fvm OBIBUIRRI LMD 25HHE L, fvMatrix<Type> % iR .
fvc D DD BRI BZ 200 % 5, £ DOMIZBZ7REH R % U, geometricField<Type>

24 ZODERNYFEEDAY Y a ETEHI N/ geometricField<Type>D & 1 7 (fifi
B 2GTRLUTVD)

OTY.

2.6 121&, ZODHEHANY FE2E DAY Y a ETEEI N/ geometricField<Type>% /x LU T
Y, GRRHEENBIZH DG MOGIIEBMTZIETTHE I 2R LTHET. D~
DIZ 2T TN TNET.

fum B LU fve THZ D, RS HFEROEZ BT 2 ERBHRE R 221V AT Y 7L
TWEY. FHEHOGRAEREEIC X DHEBULIE, T ADEMHIZEY, TOREZHATVS
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» geometricField<Type>

T

geometricBoundaryField<Type>
A

fvMesh ~—<—— fvBoundaryMesh —=— fvPatchList

A A
o .
fvPatchField |—> polyMesh ~-—— polyBoundaryMesh fvPatch
| bt f !
- | pointField facelist celllist ~ polyPatchList -
5 TR A A
vl bt f
Field<Type> < face cell polyPatch
dimensioned<Type> labelList slice
dimensionSet <Type> List/T label T word
scalar ||
vector -
tensor
symm Tensor

tensor Third
symmTensor Third

2.5 geometricField<Type>\Z DR A% HAM R 7 T AHEiE

NVERBEOEHBESICEBRINET.
/AV*¢dV:i/dS*¢ (2.13)
14 S

ZZTSIFEREERY N, I MEEDT VYN, TUTxIET VY IEEORRE, HlxE
WHE, B, JOAK, BXU0TNhThOMWG, FKM V-9, ALV E LTV x o ZRLTWH
F9. I, BB I UOHEBEMEREIZDOWTHERT D &5 R#EIRAF— AT LINE
9. OpenFOAM T, WL OPDIHIFHEIZFH U AF —ATHRILINETH, TOMDIHD
BERALIZ DOV TIEAF— A DBERENREINTVE T, AF—LA0FRIZI— RO CHERE
BETAILETEXEIUL, YVaTOEFTRHIZIA Y TY N T 74 N5 FHHAAA T fuSchemes
JIADA TV N UTIRRGT 2 AEEHY £7.
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geometricField<Type>

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

finiteVolumeCalculus (fvc)

T DD P R T
(Faf#ik)

finiteVolumeMethod (fvm)
(B2f#R)

geometricField<Type>

fvMatrix<Type> volField<Type>
surfaceField<Type>
pointField<Type>

2.6 geometricField<Type> & € DHE

241 ST TF7VIA
57537 VOHEHIE, UTFD LS ICHREEAB TR - B bXNEd.

/v-(rw)dvz/ds-(rwﬁ) = IyS;-(Vo)s (2.14)
\%4 S I

ATWNWBEI POHLEEDEIL N OFLDEIOEINRYZ MLdRED 7 o1 AMICEE,
Bbb Sp I ATRBIE, HOAROMBLIXEEIIZZY) 9.

N — P
d|
HELAY Y208, VHLAR (ZHUXE VhiMEDFLER PSR ING) DRTF

(2 & o TRl S B BB IH D ) £F.

Sy (Vo) =15y

(2.15)

242 WRE
SRS, RO & > ICREIKBCRS - B hE T,
V- wuejav = [ as-(pUs) = 38y (D57 = 3oy (2.16)
KEO ¢ 13X EXEARAF—LATHEINET.
RLES (CD) W, 2 HECTAREE T

o5 = feop+ (1 — fo)on (2.17)

22T f = fN/PN, TN I f LRVt N Ofil, PN It AubE T P & N O
BT
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’ HDFL I B2 - Bt ik fvm:: E 7213 fvc: DAL ‘
2TV T YV P2HY - Bl Vg laplacian(phi)
V-I'V¢ laplacian(Gamma, phi)
Y Bl - Bl 2 ddt (phi)
oo ddt (rho, phi)
O 2y lat - Bt 2 (052) d2dt2(rho, phi)
E2in B2 - B5i V() div(psi, scheme)=*
V- (o) div(psi, phi, word)x*
div(psi, phi)
FEHK B V- x div(chi)
) fid [ZE] Vx grad(chi)

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

snGradCorrection(phi)
B BLD Al D — 3 [ZE] [VVol|? sqrGradGrad (phi)
[l dig (PTG V x ¢ curl(phi)
HILU (23] po Sp(rho, phi)
BRI - Bl T SuSp(rho, phi)

TIHIH U fvm: :SuSp |& rho DFFFITKAEL T, B~ IXGMICHRLI N ET.
T BRI & H U AT IS vol<Type>Field THREINE . i : rhoxphi

BB DB BITLA R D L5720 5 ATY.

phi: vol<Type>Field

Gamma: scalar, volScalarField, volTensorField, surfaceTensorField.

rho: scalar, volScalarField

psi: surfaceTensorField

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

2.2 OpenFOAM (2517 2 (s TR XD IHD B

BLE% (UD) & HIOAHND ¢; 2Pt L, WIEERIEC 2 Y $ALETT.

op F>0D& X
7 = (2.18)
on F<O0Dl X

TL Y RESD (BD) AF—Alk, #@YILKEECTLENEZEDZL%2H>TUD & CD %#lA
BhEET.

o5 =1 —=7)(@r)up +7(¢f)cD (2.19)

OpenFOAM (Z1%, 7LV RERE vy %3&.R Gamma £ AF — LD WL DD FEEDH
D ETH, THFIEIDOL SN AF—LA, van Leer, SUPERBEE, MINMOD 7
ErRLULTWVET.

243 1REORREHY
1 ORI S 0/0t 1, UATFDOL S ITHMEARBETHIINET.
9
. /V pbdV (2.20)

ZODIHIE, ATDY D% o THANIZBI U THRAMA D TRt I E d.
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FLWME WEMRNTODRMATY TOME ¢" = ¢(t + At)
HWME  FTOR AT Y T THREI N ¢° = ¢(t)
ZOHWME ZORIORKFE AT Y STHREI N 0% = ot — At)

I—YHA ROAAFIZFHEULSBRSENT WD X DT, %4 TE5ANT 714 )IVDHF T timeScheme
F—TU—RZF5T, ZDODI3L DDt AF—LEZESITDHIENTIET.

T4 5 —DEfEZE AF—L, timeScheme EulerImplicit, ZAUIRHRENIZEHL T 1IRKEETY.

o n _ o
m/‘/p¢dv _ (ppopV) At(PP¢PV) (2.21)

#%iIBESD AF—LA, timeScheme BackwardDifferencing, Z UL DHIDMEEZRFT S Z
CICEKVRFICBE LT 2 EETHY, U7ZA> T EulerImplicit &Y 7 — X {RIFED
A==~y RPRELBY 9.

9 3(propV)" — 4(ppépV)° V)
EAAﬁWdV}: (ppopPV) @gi: )’ + (ppopV) (2.22)

2.4.4 2BEORFEHD

2 BE DI &, DARD X S ICMEARR TR - MBI NET.

O [ 09 4 _ leropV)" = 2(ppdpV)® + (ppopV)*
ot Jv "ot INE

ZAUEHEFRIIZ DWT 1 RS E T,

(2.23)

245 FHER

Z DOHITRR AR D FRIHIE, 2.4.2 HOMNFH L AX XA I N D 58 RIZGNARIHTY. DX D0
HIE, HEEHIRNBEBOBDFHTIIHY) FEA. ZOHIFLLTD L D ITHREKRMTES -
ML I N E 7.

/‘/V-gde:/SdS-qzﬁ:zf:Sf-qbf (2.24)

fve: :div BIEIE surface<Type> F 7z Ik vol<Type>Field DEH L EFIEUC L 2 Z e W TE FT.
HIE Tl ¢p IXEHEG A SN, BHETIE2.4.10 HTHAN D FDAES CTHEAH EICHFI N ET.

246 4fC

BB DIEIEER % 2 JFIE TR C & 5 BINARHTY. TOAF—AIX, FlZIE fvc: :gGrad,
fvc::1sGrad & ED & 5 BEEHL A F — AT U CHEY) 2 R0E O AR 2 #30, £213A
N7 7 A NOFD#Y) S timeScheme F— 7 — RIIHBE U 72 fve: :grad BEE S 2, WIh
DOHETHLFMT I 9.

A ZAFED 1, fvc::grad %% timeScheme Gauss E GO THD T THIEL FT. Z
DEEFALITAFRE D T U TAHY ADEH % M 2N LT E 2N E T,

/dev = /Sd&;s = Efjsﬂpf (2.25)
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BNZFE X, UTFOZERICEDINTVET.
1. MPIZBI2EZ, {RPIZSTDEEEHE> TRBOR N IZHFETS.
2. RNIZAFINAMEZE, RNIZEITOEBROMEL I, ZOENRELZS.
3. RPOMEDRTORIZBIT AR, TNTNOAB CTEAMNIT U T RL AR

Mz fMEd i, AEORWVIELENEOND.

/N FEEEE fve: :grad B#( % timeScheme leastSquares & #lAGHE DA, EHEE
fvc::1sGrad 25 Z . THEL £9. ZOBEBULIE, FTETOHEPIZBWVT, 0D
DN TORHZRDT, 7VVIVGE ZFELUET.

G => widd (2.26)
N

ZITAdIFEP»S NADXRZ MLV THY, EARBIZwy =1/|d] TY. ABEUIEATD
FOITFHi I N E 7.

(Vo)p =Y wyG ' -d(én — ép) (2.27)
N
EICEERAR HICERERAR n, - (Vo) XL IVOMEIZE N T FDAF — L% f# > TR
TEETY.
(Vo) = SO (228)

ZDAALIE fve: : snGrad B CIEUNH I N, surfaceField<Type>%iBU 9. ZODAF—

MF 241 HTHENZT T3V 7 VOB A T — A LB 72 HIETHEETHE X 4y, F 72

UCEDIZIHERAY Y aDGEITE, ZOHOARDONEZ S5 72OIICHHENINA S

NEJ. ZOFHEIX fvc: :snGradCorrection B Z > TIFOHI I NV E . [Check**]
247 AEOWEDFET

BIFDABL O OEZ, Bk Z LY, BN -AESEOARE Y, LU TETORE
DHHE % 3T 2 2 LTI NE T, ¢ DARDARDFEL 2R TEL L |V(V)]2
L) E9.

2.4.8 [OEg

IR, 2.4.6 HTRARZAFOEN SIS N ET. TARERA I, Thnd A (2.7)
DRt (BATICHEE) 2> CTRERDFHI S EJ.

V X ¢ = 2 x(skew Vo)

249 HIHLIA
BEEIHUHIEZ=2DOHETHEETE Y.

gL X TORERNRIEIE volField<Type>Td. U722 ->T, BHiYARE S H UBHIXHMMIZ4E
D e UTEROHIZHAAENET. FHlZIE, phi & £ % volScalarField & UTEZEL,
ZTUTUFDOESIZLET.
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solve(fvm::laplacian(phi) == f)

Paffix PRMAREEHLIEIE, RO D ICHREKRBETRESY - I ET.
/V podV = ppVpop (2.29)

b2 - BEfRE BB I VL, THONAKRSORBEZERZE. TORKEATHOHED
R ITRAE L T, ZAUITHI O AR DXBL Z R E /213 I £, dfks
DX Z2WAIED Z L, THDOARADKEMEOBEDOALEI 25| SR I U E
9. UZaA>T, OpenFOAM IXEE D X VHOBB L AEZRIELTH Y, Ih
WIEREIDNIED & IR, B & SITIEEMICARY) £9. B EIX, AP ICHT 51751
DFREIE Vp max(pp, 0), €U THEHIH UIEHIX Vpopmin(pp, 0) &4 9.

2410 ZDMOIFHIABEEE R F— LA

112 % volField< Type> % surface<Type>Field 12, & L OWIZE T B BEHULTIEAN < D
HYET.

HEf&E4S fvc::surfacelntegrate I&, TNETND LI % K]S [ TODIHE surface< Type>Field
Oz LY, CIVORRTEHS LW HEZLET. 98005 (X, ¢5)/Ve LB &
9. 2L volField<Type>%ZiR L £7.

E#8F0  fvc::surfaceSum lE, TNZND LI % XY 5 [H TOAE surface< Type>Field DRI
ZLDRETT. 9805 Y95 £BY, volField<Type>ZiKL &7 .

FME  fvc::average I, MHDfH surface<Type>Field DIEEEAL T %2 LD 9. T4
DY (3, Spbp)/ > Sy L8 Y, volField<Type>%iKU £7.

HEN#E geometric< Type>Field DRI faceInterpolate () I, LIVHULDAE volField<Type>
Z, FuhESZM o TRIVOME EANRNRL, surface<Type>Field Z3EU 9.

2.5 BFEOBEEE

B DEERALIZ OV TIZ 243 THB K OV 24 4 THTHRARE U248, JEEHMEIZ i %7
MM DTNFIZDNTHEZDBENHY £F. U AEZLEOEMMAERE T, HIZIXT T
V7V, LUT, 53 ZEMMN%E Ap TRT TN, IHERDORMH HEN% o
TUTDEDITKRETEET.

t+At o
[l
X (221) OAA T —BEEZMS &, B1IHIFROLS IZET XTI,

1+ At t+ At n_ 0
/ 5’/ o6 dV} df — (opopV)" — (ppoPV)’ . (2.31)
t ot Jv t At

_ (ppdpV)" — (ppopPV)® |
N At

/qude—i—/vfde} dt = 0 (2.30)

t (2.32)
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B2IIRD LS ITHIT 7.

/t—l-At
t

I TA IZAEMTHEBIL L2 AZ R L E9. HHEBEDMIE=Z2>DOLETHEETE £9.

/V Acde} dt = /t t+AtA*<;5dt (2.33)

FAZ—BEEE ERIIOVTIRBMREATHBILL, ULV o THEDME " 2L £7.

]|

t+At
/ Apdi = A*gm At (2.34)
t

CHUSFREICOWT 1IRMEETH Y, AL MR ZEME 2 RFEL £7.
fBiE  ERIC OOV TIIEMHATHILL, Lo THTORZIDOM ¢ 2 L) £7.

t+At
/ A*gdt = A*¢°At (2.35)
t

ZHFREIIZ OWT IIREETHY, B L=V Co 1 L) KRIITNIERLET
T, V= VBIIUTO I IZEEZINET.
_Uy-d

Co =
° 7 ld2At

(2.36)

CITUp IIMEHEE, HIAIXKIOREE, RADOEEZRETY.
DSV -2V ik ZEEOHEOBBILIZBEARZ M, US> TEAEDME o™ L FiD
RZIDME ¢° OFfEZE & D £,

/t Y pd = <¢n : ¢O> At (2.37)

CHUSHFRIIZDOWT 2IRIEETH Y, MEMATRETTN, AL NEEA.

2.5.1 OpenFOAM IZ & 1T 5 BFEIH 2 DEUR L
BAED L 25, WHOMBALOEY ik, i < N SRs HRERICE T 2 2= MMs D32
WEoTHIEINET. FIAE, FEFEDOILBABRAEZME e LET.

-

ZHUIHGT DA A T —DRIBIRIZATDO L 51280 £9.

solve(fvm: :ddt (phi) == kappa*fvm::laplacian(phi))
Z 2T Laplacian DA% (2L CHEEIL T 272012 fvm 7 7 A% V£ 9. BGEETHEET D
WIEA RO ELDIZU &Y.

solve(fvm: :ddt (phi) == kappa*fvc::laplacian(phi))

4 El¥ Laplacian OIHZ G#IA CTHBUL T 2 720Dl fve 7 7 A2V Ed. 757 - =a)
VYo AR =L, BMAEGIIAOTE LS I e THRETEXT.
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solve

(
fvm: :ddt (phi)

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

2.6 IERFMH

R E - O Z SR I 7-OIFERSLMENBETY. LB TR TOERAIZENT
BREMEEZBEELURITNERY FXRA. BREBEF DO TR 6N ET.

TA4VILEYE X TORBEABOERIZBITEEZEDET. UAENR>T, ZOHA RT
i TEEME] & KU FT.

JARVES X TOWBABOBEFICERERAREZEDET. LAR>T, ZOHNA RT
i TEEAR) £ KUFT.

D7 DM Y, 2 BLHOMBL 21T & L, TNHEDHD D B D —DABFE T
HoHEDRBRLMEZERTDILENDHY 9.

BElE BRI BIB1H ¢ IEE
o HEBUBIC, BERHIZHIT DM ¢ 2O HGIE, HMIZ ¢, TEIMRA LI LNTE
F9. HIZIER (2.16) OBIREOLHETT.
o HIZBITDAEN (Vo) MBBERIH, HIZIXTTIT0RY, OBEIZIE, TD4H
BB R IZ BT D HE VR LOEE > CEHHREINET.

oy — Gp

Sy (Vo) = |5 dl (2.39)
BB [EEaBlEEREN gy 1%, Aids, BEROBAIEENRT MVEDOHNRIZEZY) £,
S
- -v) 2.40
w=(i5179), (240
o HEELIC, BERICH I DM ¢p 2D GENK, BV HLOMEZ B LIZHFEYT 50
b £9.
¢r=o¢p+d-(Vo)y
= op +|dlgy (2.41)
o BEBULICEHOAEAFTHE I N GEIE, Eig TEIMRADIILNTIET.
S (Vo)r = 1Srlgn (2.42)

2.6.1 YEMLIERFH

BRSO EIZEE, RUYDOIRDENIIN T2y I =7 OMIRNTY. BEOERSM L
—fRIZ, BIEI TR A &S BHAEREIR TR A <, WERZREIC L > TERINE T, JEE
MEPEGRAR DR TIE, BARD & D BYHK LB/ R DY) 9.
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AO AIZBIZEEGENEG 250, TNEBEIED 202, EHOBERSEMAITARY O
W) 9.

HO HOCBT2ENERERZLN, EEICEAR Y OSEREENREINET.

BYRLFREMER RAOHEIIEEHGOEELFLLRY, LANR->T, BEEMEEMSt
EEINET. BZEVIKITD2RENETOTHD 2D, FHFARE O EEX
NnNE9.

fRDFIR L BERRMDR D DHIZOVTHIRE 8D & D BRHETIE, TOXFREOD FH D445
DFBZ T UNET LT 2 HEETHY) FEA. TOHDERFMEUAFIE> THE LAY
NERY FEA.

SAE RIS, TOHIRER AR 2 Y0 L HEELET. [Check*]
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& A X
= 3

=

OpenFOAM D {E B HI

ZDFETIX, OpenFOAM T4 A M) a—Yave LI NTOEE2 BT A N —
AZDOWTHHALEY. TORERK, 22— ROBE2EDFa—hMIT7IIHDEDLED
T, HOWPLIEHERZY VNN T HHEZRMIET L 22 TT. N6 DOHIEIEK, OpenFOAM
DN DDDY =)V, HIZIENEBORT - B, BMEAT—2L, TIIV XL, /N,
TEEIIMELENTWET., F7/2, FHHTIED Y FEAN, ZHNSIXVNVNORKRIEDEKRE
EOTWVET.

ZTNTNOFETIE, BE R, RS - BREAOBHE, < ANEARER, fHbhT
WEHETI, TUTKHERYMEMEOMERLHEE LUET. FAISIMEE2MH>720) 3254613,
FRAT ARSI AR DR D — L D LD IBEVE . AV Y aERROAEEHHL 928, 7
WTU blockMesh 2V E9. € BbAARTORBIZIEAY V2 2ilR T2 7 7 A NVEGAL
polyMesh 7+ L7 N & —#ZdH D) FFTDT, I—PFIXEHHIZAY Va2 B ENTIET.

HlEElx, > A b—I)L U7 OpenFOAM O tutorials % 75« L 27 NV OFIZHDF a— KV
TERIBEUTHET. ZNSHRVINTEDY TT4 LI MVIZEFEHLNTHET. filx
X icoFoam DETDr — AL icoFoam¥ 77«4 L 27 M) ddizdh ) £9. Hil@Ez K79 BRI,
I—-HEFHSDOI—Y - THI Y MDD FIZIE—=UAZIEINPDNTL £ 5. OpenFOAM D4 T
D —A%—2DT A L7 MN)DFIRELTHEL I, Fa— Y 7IVIZSFOAM_RUN T«
LV RYDHIZOE—F2228EOLET. ELA—HFDT ATV MDD FIZELEIDT 1
L7 NUDMESNTOWRITNIE, AFDESITEDZ N TEET.

mkdir -p $FOAM_RUN

PFO&3Izd0lE, ZOT4 V27 M)IZFa— M) T7IVEIE-TEET.

cp -r $FOAM_TUTORIALS/* $FOAM_RUN

3.1 AFEEFHLY DR
ZDOHIETIX, potentialFoam Z{H>THMEDL D DRT VY Y IVENEZFHREY. ZDOHIE
121% OpenFOAM DLATFD & 5 Bz HEA L 7.

o FERAVVa
e OpenFOAM DRIREIZ X F 2 R it D A ik
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3.1.1 MEHE
COMBEIZLUTOLS ICEHZINET.

FRATRRYE 3.1 IR & DI, FHEIE 2 00T, ELEEEE, TOEHEOHLNIIHES
NN £9.

—— A

I

—

— U, =1.0m/s p =0 bar

4.0 m

4.0 m
3.1 HMHBEZOLYHENOEE

XEHEN
o FREMEVERIADE ELFR

V-U=0 (3.1)
o ERRIEL AUz, FEIEMENE, [WIEES U OFRAKDE S R
Vip=0 (3.2)

BARRM
o A (£) IFEEREEU = (1, 0, 0)m/s
o« WO () IXEHFEEp=0Pa
o WY ZRUBEM (F)
o FRE (E)
MEAEHE U =0m/s, p=0Pa—— I 5I% OpenFOAM AJ17 7 AV TRHEL INF T,
ZORMEIFEFREBLROTHIZIIBETIZD Y FEA.
YV IL/INE  potentialFoam: IRT V¥ ¥ IVHEND I— R, T480L, RAWLIEEMENE, ©H, [
R L, JERMEE AR, EHIFMEHL £7.
r—2% $FOAM_TUTORIALS /potentialFoam* 7 « L2 NV DHIZd % cylinder 77— A.
HRE  CAUEE O ASN—=Y a v TORE. BliT/NN—Y 3V TI$FOAM_TUTORIALS /basic/potentialFoam 1Z &

OpenVFOAM-2.1.1



3.1 MEEDHY D P-47

3.1.2 potentialFoam ICDWT

RT VI Y IVHENEZIRET D &, HEAY v TIVEBTIRO R E TR REIFAE T 5 720
potentialFoam I& OpenFOAM % HEET & DI(EF] RV ILNTY . ZOMEE DY DO FIE
12IE, BUEAR & LR T X BT SFEAE L £ 9. potentialFoam &, FIEEIZW LT GEEIZ) £
FINTOWRIMU GEAERTE2L—T VT L UCERAT LI ENTEET. 7~1’
FoTE, VUGN ALETHD I LIZLDALEI 2T DD 9. IS ZIE
potentialFoam 11— Y05 2 IR GF OGNS, EI NG EED ZLUET.

313 Xwakm

blockMesh % ffi 57z A w ¥ a Bk —H A RTHHINTHWET. ZOTF—ATIL, AV
Va3 21RTEDIICI0 7O Y INERSOTVET. OpenFOAM TIEETD AW T an
SMIETHEOND Z e 2 BNVHUTL ZIW, 2RTORMEEZ X 20 E, @hrawv 3EH
DFMNIZ 1 't’}l/@r?}’?:%ﬁc]: DBIMTAYYakERZLULZITNIERY FXA. 3.2 TlE
z=—-05ICIR>2BHDOAZRLTEY, ZOHIZHDHEAFZEZIX0~18TY. TN D 19
EDTEMIE, 2 =+0.5DIEMEIZHY, UFDAYVAERT 7AIVIRTLDIZ, BHEFEU
JHECHESMNITONTNET.

1 ke k= Ctt —h—m *\
9 | ========= [ |
3 1 \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
4 | \\ / 0 peration | Version: 2.1.0
5 | \\ / A nd | Web: www . OpenFOAM. org
6 | \\/ M anipulation | |
7 K */
g8 FoamFile
9
10 version 2.0;
11 format ascii;
up
17 18 8 7 6
®
9 .
left right
14 15 G' () 4 3
10
9 v 0
Y
13 12 11 T 0 1 2
down cylinder down
32 HMHBROAY Y2
3.
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54

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

clas
obje
}
// * * *

convertT
vertices

code

#{
#3;

code

#{

#};
};

blocks

(
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex

)

edges

(
arc
arc
arc
arc

s dictionary;
ct blockMeshDict;

¥ k Kk ok Kk k Kk k k k k k k k k k k k *k kx k k *k *k k¥ *k ¥ *k ¥ k x *x x x //
oMeters 1;

#codeStream

Include

#include "pointField.H"

pointField points(19);

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

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

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

points[3] point(2, 0.707107, -0.5);
points[4] point(0.707107, 0.707107, -0.5);
points[5] point (0.353553, 0.353553, -0.5);
points[6] point(2, 2, -0.5);

points[7] = point(0.707107, 2, -0.5);
points[8] point(0, 2, -0.5);

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

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

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

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

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

points[14] point (-2, 0.707107, -0.5);
points[15] = point(-0.707107, 0.707107, -0.5);
points[16] point(-0.353553, 0.353553, -0.5);
points[17] point (-2, 2, -0.5);

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

// Duplicate z points
label sz = points.size();
points.setSize(2*sz);
for (label i = 0; i < sz; i++)
{
const point& pt = points[il;
points[i+sz] = point(pt.x(), pt.y, -pt.z));

os << points;

(649 10 24 23 28 29) (10 10 1) simpleGrading (1 1 1)
(0014519 20 23 24) (10 10 1) simpleGrading (1 1 1)

(1 2342021 2223) (20 10 1) simpleGrading (1 1 1)

(4 367 232225 26) (20 20 1) simpleGrading (1 1 1)
(947 8282326 27) (10 20 1) simpleGrading (1 1 1)

(15 16 10 9 34 35 29 28) (10 10 1) simpleGrading (1 1 1)
(12 11 16 15 31 30 35 34) (10 10 1) simpleGrading (1 1 1)
(13 12 15 14 32 31 34 33) (20 10 1) simpleGrading (1 1 1)
(14 15 18 17 33 34 37 36) (20 20 1) simpleGrading (1 1 1)
(15 9 8 18 34 28 27 37) (10 20 1) simpleGrading (1 1 1)

(0.469846 0.17101 -0.5)
0 (0.17101 0.469846 -0.5)
0.939693 0.34202 -0.5)
0.34202 0.939693 -0.5)

~~
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83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
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

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

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

)

boundary

down

{

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

(
(0 1 20 19)
(1 2 21 20)

)

(12 11 30 31)
(13 12 31 32)

3
right
{
type patch;
faces
(2 322 21)
(3 6 25 22)
)3
}
up
{
type symmetryPlane;
faces
(
(7 8 27 26)
(6 7 26 25)
(8 18 37 27)
(18 17 36 37)
)
}
left
{
type patch;
faces
(
(14 13 32 33)
(17 14 33 36)
X
cylinder
type symmetryPlane;
faces
(
(10 5 24 29)
(56 0 19 24)
(16 10 29 35)
(11 16 35 30)
)
}
)3
mergePatchPairs

(
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154 )3
155
156 [/ skokokokokokskokokok sk sk ok ko ok sk sk ke sk ok sk ok sk sk sk ok ok sk sk sk ok sk ok sk sk sk ok sk sk sk sk ok sk sk sk skok ok ok sk kok ok / /

3.1.4 EHRFM MM

FoamX 252, 7—A - 774NV FTHRELT, M3 LITRIHEICEGERT S LD 15
REMEZRELET. DFY, EMOBERIE Inlet, AMIDEEFIL Outlet, £ LU T Fll& FAED
i3 symmetryPlane & 20 £97. EAIOEEF &ML, v HIAIZHR O Z ke L TR LN
TR AR U C, b IKHIRTE D EDIEIRUE . MR LT, ZOBERII—HT3
A EIZBWTIE, ERARO U OARIINIKRY £9. ULAR->T, ERRsNEoE 45
EOBRGMERHLUEY. DY, symmetryPlane 5% E L, T & > THENTR & B Y2 L
BINTEDLEDITLUET.

315 T —ZRDET

ZORETIE, WAVFIEEMTETIEMMEZEL TWE DT, MAEOYHEMEIXMTEEET S
BENRHY FXRA. systemP 7T LI N)DHD, controlDict \ZFEFTD 72D DHIFHINT A —
AE/ELET. EHRRNEREL TS0, 1 ATy TETEFTTINZ LITERL
TL I,

1 [k k= Gt Ko m e *\
2 | ========= [ |
31 \\ / F ield | OpenFOAM: The Open Source CFD Toolbox

a | \\ / 0 peration | Version: 2.1.0

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

6 | \\/ M anipulation | |
7 et e e L e e e e */
8 FoamFile

9

10 version 2.0;

11 format ascii;

12 class dictionary;

13 location "system";

14 object controlDict;

15}

16 // % % %k k% %k % % k% % *k % % % % % % >k % % % % % % % * % % % % % % % * % *x *x *x //
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;

32 writelnterval 1;
34 purgeWrite 0;

36 writeFormat ascii;
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38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

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
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

101
102
103
104
105
106
107
108

writePrecision 6;
writeCompression off;
timeFormat general;
timePrecision 6;
runTimeModifiable true;
functions

%ifference
// Load the library containing the ’coded’ functionObject
functionObjectLibs ("libutilityFunctionObjects.so");
type coded;
// Name of on-the-fly generated functionObject
redirectType error;
code
#{
// Lookup U
Info<< "Looking up field U\n" << endl;
const volVectorField& U = mesh().lookupObject<volVectorField>("U");

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

scalar ULeft = 0.0;
label leftI = mesh().boundaryMesh().findPatchID("left");
const fvPatchVectorField& fvp = U.boundaryField() [leftI];
if (fvp.size())
{

ULeft = fvpl[0].x0);

reduce (ULeft, maxOp<scalar>());

dimensionedScalar ulnfX

(
"uInfx",
dimensionSet(0, 1, -1, 0, 0),
ULeft
);
Info << "U at inlet = " << ulnfX.value() << " m/s" << endl;

scalar magCylinder = 0.0;

label cylI = mesh().boundaryMesh().findPatchID("cylinder");

const fvPatchVectorField& cylFvp = mesh().C().boundaryField() [cylI];
if (cylFvp.size())

{

magCylinder = mag(cylFvp[0]);
reduce(magCylinder, maxOp<scalar>());

dimensionedScalar radius

(
"radius",
dimensionSet(0, 1, 0, 0, 0),
magCylinder

Info << "Cylinder radius = " << radius.value() << " m" << endl;

volVectorField UA

(
I0object
(

IIUA" s
mesh() .time () .timeName (),
U.mesh(),
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109 IOobject::NO_READ,

110 IOobject::AUTO_WRITE

111 ),

112 U

113 )

114

115 Info<< "\nEvaluating analytical solution" << endl;
116

117 const volVectorField& centres = UA.mesh().CQ);

118 volScalarField magCentres(mag(centres));

119 volScalarField theta(acos((centres & vector(1,0,0))/magCentres));
120

121 zolVectorField cs2theta

122

123 cos(2*xtheta) *vector(1,0,0)

124 + sin(2*theta)*vector(0,1,0)

125 )

126

127 UA = uInfX*(dimensionedVector(vector(1,0,0))

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

129

130 // Force writing of UA (since time has not changed)
131 UA.write(Q);

132

133 volScalarField error("error", mag(U-UA)/mag(UA));
134

135 Info<<"Writing relative error in U to " << error.objectPath()
136 << endl;

137

138 error.write();

139 #};

140 }

141}

142

143
144 // 3k >k >k 3K 3K 3K 3K 3K 5k 5k 3k 5k 5k 5k 5k 5k >k >k 3k 3K 3K 3k 3k 3k 5k 5k 5k 5k 5k 5k %k 3K 3K 3K 5K 3k 3k 5k 5k 5k 5k 5k %k %K K 3K 3K 5K 5K 3k 3k %k 5k 5k >k %k %k XK K 3K 5K >k 5k 5k %k %k >k >k >k k Kk k¥ //

potentialFoam &, JENDARRERICOWTKEFHEZTV, KENENTWES 75V 7 VIH
DOIFELZMEIZENT OGN REIEHRINET. JENDOARRIZOWTOKEEHHE D [FEK
i&, controlDict ®H1(D nNonOrthogonalCorrectors ¥ — 7 — RTHIHIL £9. —DDHl& L
T, nNonOrthogonalCorrectors % 0 IZFE§AUX, KEFITONERYA. DEY, EHDS
FEAD 1 | ZZ i, FFERMEIF TONERA. TOMEM 3.3 (a) ITRLUET (EHRIRE
DI HTE T Uzt = 112BWT). [13.3 () IRTHIRD & 512, HHISE Y5 2580 52
Tt BBMMEHHELTHLDTYTY, HIAE, 70v 20, 1, TUT3DRRDLIIZ, A
Y 2 DIFERMEDFENEIRIZENT, HOLNERFAEDH Y £9. nNonOrthogonalCorrectors
% 3ICREL, FELMELZMATHES —A%2EZTLUTAELLD. M3.3 (b) DLDIT, fif
RO SNRARE A Y, IEERMEITRNT DHE LR AZITHY FHEA.

32 Nvy - 25y T EOERER

ZORFIETIE, #BAICHTDEE EZ2 RN EFILIRICOVWTHANE . ZOMERE,
Pitz & Daily 23FEERINIZTARZEDIZHEK LU TEY, B DK TZ2 N TEXET. 2
DOBIRETIX, #7212 OpenFOAM OLATD & 5 REH#HZBNAL £ 9.

o SERBAYIaDEETIFEEREE FIH U 72, blockMesh IZ& 2 X v ¥ a A i
o JEHELIE
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(a) FEREAHER L

_/_/N\_
————

— - —

(b) FEEATHE S Y

____/\
—

(c) fHT i

3.3 RT VIV Y IHENOFR
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321 MEHTE
MEFI O LD IZEHLET.

FRNTSE, fEIRIL 2 RTTC, M34IZRT LD, oA, Xwr - 25y, ZLTHOD
Sl ) 2V e ) £9.

A: U, =10.0 m/s H: p=0Pa
Ay
50.8 ——
x
— -t >t -
20.6 206.0 84.0
S IE mm
34 Nv T - ATy TOFHEEBIR
XEHRER
o FEEMIMERIADE R
V-U=0 (3.3)
o EWWNDEH) &GN
V.- (UU)+V-R=-Vp (3.4)

I TplREHENENTHY, (PPHMELTETTH) R = vpgVU ITHME
IS DT, ERWEREE LRI vog IBIRI N7280% - SLIRE TV CRIBEINET.
MEEHE U=0m/s, p=0Pa——IZN 5| OpenFOAM AJ]7 7 1V TRHEL INETH,
ZOMEIXEFHREBLZDOTHRIZIIBETIEHY FEA.
BREMN
o A () F#EEREE U = (10, 0, 0)m/s
o MO () FENEEp=0Pa
o THNLSMDEEFIL, Y R UBEH
BIXRFE
o ZELROEMEMERE Yy = u/p = 18.1 x 1075/1.293 = 14.0 pm? /s
ARETIV
o FEME L
o REL:C,=0.09; C1 = 1.44; Cy = 1.92; oy, = 1; e = 0.76923.
YV IL/INE  simpleFoam: &% FEEMEMEFRAVH.
r—2% $FOAM_TUTORIALS /simpleFoam* T 1 L7 NV OHIZdH % pitzDaily 77— A.

R 2R E W= 3 VTORE. BTN 3 Y TIX$FOAM_TUTORIALS /incompressible /simpleFoam
Zdhd.
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Z DOREIE simpleFoam % ffi> Tfi# X £9. SIMPLE 7))V 3) XA % HW/ZEERND D
DYNNEDTIDESIZHMITENTVET. ZDVILNE, BHED OpenFOAM ) ) —
® incompressibleTurbulenceModels 71 75V OFDELFHRE TV, B & incompressibleTrans-
portModels 71 75V DHDI E=a— N VRKET VDR TE2EHATLI I LN TIET.

322 XwIakpg

ZOREDOFHENIES & 5 & LK <EHMET, BEYAMERDIZIEAY Y DA ITABELE R
DET. BRI, RETABDO»R2HEBRHICIROFTHY, AN HDO/NI WES LY
MPNWAY Y a2 BB UET. EITRIBTAMAONEL 0L, HEWEAZL YD X
DBRIRIZBRDIET THEINEERTDHIILTTRTEET. AOTIK s ARIDED—HRRKETT
N, BEEZBEETL, THOHREIIHUTEANDEEL, EEO FEMCEEZECET. L
Do T, BAWHOKR S BRI O T L BEHE L 25 TL & 5.

IR, 351 RT LI 12D T Oy ZIZhEIINET.

upperWall
5 9 [ ] 15
@ 8 @ |1 12 21
inlet 2 i @ ?8
1 \— outlet
0 @ 6 12 (9) 8
.5 e M 17
. ’ 11
16
4 o 10
lowerWall

35 Nv7 - A5y THEOTOY 7250

OpenFOAM TIE AW ¥ 2 lFEIZ 3IRITTHRDT, M35 Tldz=—-05lh>2EHZxRLUT

WEY., RTCOHEHKET7AY I, UFOAYYagdk 7 7 AV TEZLNET.
1 [k k= CH+ —k—mmm e *\
2 | ========= | |
3 | A\\ / F ield | OpenFOAM: The Open Source CFD Toolbox
4 | \\ / 0 peration | Version: 2.1.0
5 | \\ / A nd | Web: www . OpenF0AM. org
6 | \\/ M anipulation | |
7\ */
8 FoamFile
o {

10 version 2.0;

11 format ascii;

12 class dictionary;

13 object blockMeshDict;

14}

15 // % % % % %k % % % %k >k % % % % % % % >k % % % % % % % % % % % % % % % *x *x x x //
17 convertToMeters 0.001;

19 vertices
20 (
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11
11)
)

P-56 FH3FE OpenFOAM D{di 4l
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)

35 (206 17 -0.5)

36 (206 25.4 -0.5)

37 (290 -16.6 -0.5)

38 (290 -6.3 -0.5)

39 (290 0 -0.5)

40 (290 4.5 -0.5)

4 (290 11 -0.5)

42 (290 16.6 -0.5)

43 (-20.6 0 0.5)

44 (-20.6 3 0.5)

45 (-20.6 12.7 0.5)

46 (-20.6 25.4 0.5)

a7 (0 -25.4 0.5)

48 (0 -5 0.5)

49 (0 0 0.5)

50 (0 3 0.5)

51 (0 12.7 0.5)

52 (0 25.4 0.5)

53 (206 -25.4 0.5)

54 (206 -8.5 0.5)

55 (206 0 0.5)

56 (206 6.5 0.5)

57 (206 17 0.5)

58 (206 25.4 0.5)

59 (290 -16.6 0.5)

60 (290 -6.3 0.5)

61 (290 0 0.5)

62 (290 4.5 0.5)

63 (290 11 0.5)

64 (290 16.6 0.5)

65 )

66

67 blocks

¢

69 hex (0 6 7 1 22 28 29 23) (18 7 1) simpleGrading (0.5 1.8 1)

70 hex (1 7 8 2 23 29 30 24) (18 10 1) simpleGrading (0.5 4 1)

71 hex (2 8 9 3 24 30 31 25) (18 13 1) simpleGrading (0.5 0.25 1)
72 hex (4 10 11 5 26 32 33 27) (180 18 1) simpleGrading (4 1 1)

73 hex (5 11 12 6 27 33 34 28) (180 9 1) edgeGrading (4 4 4 40.5110.511
74 hex (6 12 13 7 28 34 35 29) (180 7 1) edgeGrading (4 4 44 1.8111.811
75 hex (7 13 14 8 29 35 36 30) (180 10 1) edgeGrading (444441141111
76 hex (8 14 15 9 30 36 37 31) (180 13 1) simpleGrading (4 0.25 1)
77 hex (10 16 17 11 32 38 39 33) (25 18 1) simpleGrading (2.5 1 1)
78 hex (11 17 18 12 33 39 40 34) (25 9 1) simpleGrading (2.5 1 1)
79 hex (12 18 19 13 34 40 41 35) (25 7 1) simpleGrading (2.5 1 1)
80 hex (13 19 20 14 35 41 42 36) (25 10 1) simpleGrading (2.5 1 1)
81 , hex (14 20 21 15 36 42 43 37) (25 13 1) simpleGrading (2.5 0.25 1)
82 ;

83

84 edges

85 (

86 );

87

88 boundary

89

90 inlet

91 {
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Ny 7 - 25w 7 EOEEEL

P-57

92
93
94
95
96
97
98
99
100
101
102
103
104

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

134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

159
160
161
162

type patch;

faces

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

);
}
outlet
{
type patch;
faces
(
(16 17 39 38)
(17 18 40 39)
(18 19 41 40)
(19 20 42 41)
(20 21 43 42)
);
}
%pperWall

type wall;
faces

(3 25 31 9)
(9 31 37 15)
(15 37 43 21)
}
lowerWall
{
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)

(017 86)
(1287
(2 3928)
(4 5 11 10)
(5 6 12 11)
(6 7 13 12)
(7 8 14 13)
(8 9 15 14

(10 11 17 16)
(11 12 18 17)
(12 13 19 18)
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P-58 FH3FE OpenFOAM D{di 4l

163 (13 14 20 19)
164 (14 15 21 20)
165 )

166 }

167 )

168

169 mergePatchPairs

170 (

171 );

172

173 [/ kkkskokokokskskakskoskoskskokskoskoskok ok kokok ok ok sksk sk sk sksksk sk sk sk ko kokokok ok sk sksksksk sk sk sk sk ok kokokokok sk sksksksksksksk sk sk sk k ok / /

ZDOMEORKDFREIL, —HH A1 RD 5.3.1 IH Tk X7z blockMesh D5E4R A Y ¥ 2D4
Bl OBEEZ > TR 2 & TY. 7w 24, 58506 TlE, 12MHDILKRNS R 55
RV ANEFSTWVDE Z BN DNY i’é‘ INSDILKRIE, TNEND TV 7 DIRIIT
DWW, WO DX 2 FENIIR S 72885, RO DX 2o FRIOKRT, &
#BOVUDILFATIZR 23 FTAIDKRS J@LDBL/’CL\ ¥9. Juv 4, 5 8L06 Tl FEMAZR
21 BE P zy HRIOIEDTARTIZHUTHUWERE RS> TWETH, 29 HAIIDWTIEEWD
F9. ZhiFeToT7ay I T, KISEED ¢y (/IR L TWEY. =P 4+ R 5.3.1 H Tk
Nk?mvﬁ*itﬁﬁﬁ%fﬁbﬂfnéﬁ*%%iét M3507av 74, 55&06
WZBEWT, EflE GRS ITI>T, B> ZARMITNHEINT WD Z b £9.
ZDRZDAFATDOHMIK, (}lh%@ﬁi%éjﬁ R THD, BAETHRNANBEHNE L ZAIZE
WTHIADAWA Y Y azBmk U, THHUADOTERIZNT TIERL TS D157 TT.

XY RIA YV EIE FoamX 5 blockMesh Z{fi>TAw ¥ az4m L, ZITHRLUEZELD
WAL £9.

3.23 ERFMEEMEZ M

T—=ADT 7 AL, FoamX DHT, F-IFFEETHE - fMETIET. ZOr— AT,
HEU, EhHp, TLIROEEBTRIVF kB IOHEK  I2DWT, B LIUBEADY%%E
TRHRRENHY £9. BEREME, FoamX TYHEKARNNY FDRA T2 HETDH I & TIHRET
XF9. ETODEEE Wall, ENIJOD/\/%&i Inlet, £ U CHM®D/VY FiL Outlet IZFKEL F
9. AADU, kBEXTelZD0TIX, WHERSM & UT fixedValue 2 8E T 2 B ENH Y
9. U IXREREIC U@ZBMTmiT# k& ellonTida—¥7i+ Rd2.1.8.1 Tk
R7zD L AR IGIET, =R RDZTNIEEY) FEA. AIZBEWTI, ELRIXELMET

D, BEIUDS% &IKEL T

UL =U,=U.,= 1—(510_05111/s (3.5)

BLU
k:gwm2:0mmﬁﬁ3 (3.6)

PEONET. LMOEI AT =)V %2 ANED 10% & BEE X,

00'75k1'5 0 090.75 % 0 3751.5
= & = = : = 14.855m? /s> 3.7
¢ I 01x25.4x103 m/s (3.7)

ERYET. HIONZEWTIE, EHp=0PaZIFUNEETLILERIHY FHEA.
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33 7AV—R - 27y 7 EOEEEKN P-59

3.2.4 —2DHIE

fvSchemes DEFUILATD X SIZU £9. timeScheme & steadyState & U, gradScheme
& f laplacianScheme (&7 7 4 M & UT Gauss 2% EL £T. F/2, AFRMEHRILET S 7=
 divScheme | UD & U £ 7.

fuTolerances D ENIXFHIFEREZ D BEN DY £, *simpleFoam I— KD hy FL X)L
Tlkp L U DARBRAUNEATHERAD, BLRETIVIEE, e B ROFEAEMI DT,
S5MEDARERTRTUIN U CTHRRAEZRETDHENDY £T. pUHNDORTOEHIZONT
I%, solverTolerance | 107°, solverRelativeTolerance (% 0.1 TH4TT A, plZxL T
X100 BLV0.01 2BEOLEY. MERERLZDOT, FAREMSLEEZY ET. U, k,
g, RIZD\WTlXrelaxationFactor i& 0.7 T+ TI A, BUEIREIZIZ 5720, pld 0.3 &
FTOIMENDHY) 9.

121, controlDict IZH T, EHIBEZRDT deltaT id1 & LET. THTHEREMIZIIK
HREE ABEET. HETOND LI, e FAPHRIESITIE 1000 FIE & D RKE A BE
ZDT, endTime IX 1000 LRAEL £§. FEFHIIN=RT A ATMBT=Z TN E ST
ULEDBNESIZ, writeFrequency A+ KT LMl (HIAIE50) THD I Lx2fENDTL
T,

325 T—ZADETERR ML

TARFETL, FBROFAMUEZITNEYT. AUEY, HIRAIX0 KELZEIZIE, B
DEFZEZEDEHI LA SWVOMAFKEL £, X3.6 (a) IRTHEEDNRY ML - 7
Oy h5ON35 &5, ¢ HAMIZIEPFEEDIZEEF->TVWETY., ILIINEIED L, B
BEEMNLHONE?S Tz SHEICHEL T E, 1000 [ O KEBZIZRISEFIREIEL, &
X2 3.6 (c) \CRT LDITEBIZFKELRBIZARY £9.

33 747—K - 25y T LEOBZERN

ZDOHIETIZETGIZH T 2 B2 EOBEEBIOWTHNE T, MEOMEIX, v/
3DMNN AL ZDH D EHOEBIZHAL, TIE > THEBEREZELD L VD
HEDTY.

ZDHIETIE, H721Z OpenFOAM DA T D & 5 BREEHALET.

o HEEHETN

3.3.1 RIBHRE
MBI TOL > IZEHRL 7.

fRATREN FEBRIZ 2 ROCTT, BI3.TITRT LI, FHOAL, TAUHNTHED 20% OFE X
DEENDY £7.

T ZOBSRIIEONN—Y 3 VAT OB L B o TWB. BlfF/N—Y 3 VTl fvTolerances Tl % < fvSolution,
solverTolerance Tl 7 < tolerance, solverRelativeTolerance Tl < relTol.
PR WS —=Ya vdF—TU— R, BiFNN—Y a YTl writeInterval
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# 33  OpenFOAM D ]

———— e e

———— e e -

LA R
Prlena i % 6
Rl R

ol 7 W AR RS < S e e e S e i =

B — L
R L
e R M e e e e

o
//a-'l
2
&=
& e
£ -

B T R
[ e = L i i ot [ e e e e e e i

(b) 1000 KE#HDEE N T NIV

(c) 1000 K& D ik
3.6 NV - ATy THOWMOIHE

)\/I:I: U, = Mach 3, p =1 N/m?

/
1.0 l

A
4 0.2
e A

0.6 2.4
KIS m

X 3.7 7A47—K - A5y TOEEEEIR

Y

XEHEN

HERFA

DAV (pU) =0 (38)

Za— b ViAo EE R GREA

ag—tU +V.(pUU) -V --uVU = —-Vp (3.10)
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33 7AV—R - 27y 7 EOEEEKN P-61

o FEDTRXIVFHER (W <OPORMERIZIEL), e =, T THY, 77—V TODIX
Hl g = —kVT IZHDWTWET.

0
PV (U -V () Ve=pV U (3.11)

MHPEHE U=0m/s, p=1Pa, T=1K.
mREMN
o A () &, WINE fixedValue T, HE U =3m/s =Y /N3, £H1p=1Pa
BLUOHRET =1K
e WO () X U, pBEXUT, WIht zeroGradient
o WY ARUMEEER (N
o NPFRTE (ETHD)

o ZELKOKMEMRE 1 = 18.1pPas
B AR

o EMMECc, =1.78571J/(kgK)

o HAEIR=0.714286J/ (kg K)

o BVEERE =32.31W/(mK)
r—2%  $FOAM_TUTORIALS /sonicFoam' T 1 L 7 k1) ®H1Zd % forwardStep 77— A.
YV IL/NE  sonicFoam: JEMEMEDBEHE - M8 EHE T O KR OFNDELE.

DT —AlL, SRR DOEEDN c=/YRT =1m/s LR85 EDIELENTHET. TORER,
WENTOEEYYNEERY ET. FIRIEE, ADOEE 3m/s EYY /N3 T, ZOHFED
PR, HAKAKOBEBRN cp —cy = RM5, DF Y AL

R

y=2==41 (3.12)
v Cy

MOHENDD LN TEET.

332 XvI a4k

ZDT—ATHD Ay Y 2 | FHABHT, « A 0.06m, y HMIZ0.05m D, —HREE
FEMERE->TOWET. ISR =20 70y 7124883, —DIBED Ef&Y
T, D= DIFBE LY FAIT, TRTNEAEORH IS L TEAME AR £3. £
TOHEMETOY %, UFOAYYaiddk 7 74 IVITRUET.

I et k= Ctt —h—m *\
2 | ========= | |
3 | \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
4 | \\ / 0 peration | Version: 2.1.0 |
5 | \\ / A nd | Web: www . OpenFOAM. org |
6 | \\/ M anipulation | |
7\ */

*FE ¢ B TlE Dynamic viscosity & &> TWa A, BUE - BN S U CTHERMERBTIZAR V.
TRV « ZAUEEH WA= 3 VTORLE. BifT/3— 3V TIE$FOAM_TUTORIALS /compressible/sonicFoam 1=

B HON—=Y a Y CTREROAE 0728, BT A=Y a v CIRIELFICE/NIEL TV 3.
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P-62 OpenFOAM D1 F#i
8 FoamFile
9
10 version 2.0;
11 format ascii;
12 class dictionary;
13 object blockMeshDict;
14 }

15
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

70
71
72
73
74
75
76
7
78

J/ % % %k % % >k )k % % % >k % %k % k) % *k % % * % % * * X % % % k % % *k % % *x *x x //

convertToMeters 1;

vertices
(
(0 0 -0.05)
(0.6 0 -0.05)
(0 0.2 -0.05)
(0.6 0.2 -0.05)
(3 0.2 -0.05)
(0 1 -0.05)
(0.6 1 -0.05)
(31 -0.05)
(0 0 0.05)
(0.6 0 0.05)
(0 0.2 0.05)
(0.6 0.2 0.05)
(3 0.2 0.05)
(0 1 0.05)
(0.6 1 0.05)
(31 0.05)
);
blocks
(
hex (01 32
hex (2 3 6 5
hex (3476
edges
(
);
boundary
inlet
{
type patch;
faces
(
(0 8 10 2)
(2 10 13 5)
)
}
outlet
{
type patch;
faces
(
(4 7 15 12)
)
}
bottom
{
type symmetryPlane;
faces
(
(019 38)
}
top
{

8 9 11 10) (25 10 1) simpleGrading (1 1 1)
10 11 14 13) (25 40 1) simpleGrading (1 1 1)
11 12 15 14) (100 40 1) simpleGrading (1 1 1)
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3.4 MEINKE VT DRI P-63

79 type symmetryPlane;
80 faces

81 (

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

85 }

86 obstacle

87

88 type patch;

89 faces

90 (

91 (13119
92 (3 4 12 11)
93 );

94 }

95 )3

97 mergePatchPairs
98 (
99 )3

101 // K 5K 3K 3K 3K 3K 5k 5k 5k 5k 3k 5k 5k 5k 5k >k 5K 3K 3K 3k 3k 3k 5k 5k 3k 5k 5k %k %k 3K 3K 3K 5K 5k 3k 3k %k %k 5k 5k 5k %K K 3K 3K 5K 5K 5k 3k %k 5k 5k 5k 5k %k % K 3K 3K 5K 5k >k %k %k %k >k >k k *k Kk kK k //

333 T—RADET

ZOTr—AE, 55D UitaE/2dh7- ) CTEFRBIELUE Y. 10s B2 ENORER%E X 3.8
WRUET. ZOREPLIE, BEORTHLOEU TS ENOARESM, D F Y 8
ZIZAOLNET.

J£ 77

14
m?
10 ¢

6

4;
-

(TR 3

§

K38 7AT7—R 257y FRHEIZEITERK

334 BE&E

AODEEZHRI G/ E, RIZGADTEEHANTAHAEIL L.

34 MEINLKSY VI DRE

ZOBIETIE, INEU AR TR ZIXNEZ Y 7EL DNV T 2212 LW fEIZ DWW
THNET. 2D &S BEEDOERITIZENRDERNEETH Y, Uz > TEMMEDEAR
ELUTETIMTD2HRENHY £7.
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P-64 FH3FE OpenFOAM D{di 4l

ZOHIETIE, #7212 OpenFOAM DLARD & 5 BRI N LU £9.
o AVTadDlE
o VAR DI

3.4.1 MRERE

FENTREIS,  FEISIE 2 ROE T, M 3.9ITRT DI, NI WRHERI W8 Y Inb8) £7.

y >
Yr
100
- | = L
50 50 240

H: p =0 bar ¥+

100 9w Mz EDSKE L R B BB O EING
—90° [MEZXE/~EDTT.
3.9 FRHEBEAN X &V 7 OEEBIZIR

SEWARR ZOMETI, AROBECEETIWMEML 2012, HIKOEMER BB
BOET. BEp LEN p & ¢ LR B ICIRIEE OB b E T
. BEREEH

op B
o JHEDBR
Op _ P _
=K (3.14)

Z I T K I3MERHIERTY.
o A (314)IEBATFD LS I INET.

p = po+P(p—po) (3.15)

ZZTpo & po EZTNTNSREELIENT, p(po) =po TY.
o —a— bhUFikDEE R G
opU

W—FV-(pUU)—V-uVU:—Vp (3.16)

BREH FoamX Z{fi>T, UTNO XD ZYHIERGM 2R ETETET.
o outerWall l& wall &&ff& UTHE
e axis X symmetryPlane & U CTHiE
e nozzle I p = 0bar D pressureQutlet & U THHE
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e front B KU back FEFIL empty & U THRE
#MHEAZHE U =0m/s, p=100Dbar.
ETpe e
o IKOMMERE 1 =1.0mPas
BAFRM
o KOEE p=1000kg/m?
« ZMRJES pg = 1bar
o IKODJEAER ¢ = 4.54 x 1077 s?/m?
YV IL/N%  sonicLiquidFoam: EH® - % ED EMEERKROER 31— K.
ir—24% $FOAM_TUTORIALS /sonicLiquidFoam* 5+ L2 k) D112 % decompression Tank
r—A.

342 XwI a4k

DT —ATETIEINTOBIROLTOESEE 7Oy 2%, LTFOAY Y aild 77
AIZRUET.

1 [k k= CH+ —k—mmmm *\
2 | ========= | |
3 | A\\ / F ield | OpenFOAM: The Open Source CFD Toolbox

4 1 \\ / 0 peration | Version: 2.1.0

s 1 A\ / A nd | Web: www .OpenFOAM. org

6 | \\/ M anipulation | |
7\ */
8 FoamFile

o {

10 version 2.0;

11 format ascii;

12 class dictionary;

13 object blockMeshDict;

14}

J/ % % %k %k % % % % %k *k % % % >k * >k % %k % % %k *k k % % % * * % % * % % *x x x x [/

o
N o«

convertToMeters 0.1;

-
oo

19 vertices

20 (

21 (0 0 -0.1)

22 (1 0 -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 (1 3-0.1)

31 (0 00.1)

32 (1 00.1)

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)

*BRIE X Tld Dynamic viscosity £ 72> TW2 A%, #UE - BN S U TEPRVERETIZ R,
R ZAUTH NNV 3 VTORLE. BTN —Y 2 U TIXSFOAM_TUTORIALS /compressible/sonicLiquidFoam
ZHd.
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FH3FE OpenFOAM D{di 4l

39

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
103
104
105
106
107
108
109

(0 30.1)
(130

blocks

(

);

hex (0 1
hex (2 3
hex (3 4
hex (56 6

edges

(
)

boundary

(

outerWall
{
type wall;
faces
(
11 10)
13 11)
14 13)
17)
19 16)
18 19)

~

~
VOO WE

=

(0]

type symmetryPlane;
faces

(0 10 12 2)
(2 12 15 5)
(5 15 18 8)
}
nozzle
{
type patch;
faces

(47 17 14)

}

back

{
type empty;
faces

(

NAANA
GQWN O
QOoOIN
O~NoOw

D W
N

)
}

front

type empty;
faces

(10 11 13 12)
(12 13 16 15)
(13 14 17 16)
) (15 16 19 18)

2 10 11 13 12) (30 20 1) simpleGrading (1 1 1)
5 12 13 16 15) (30 5 1) simpleGrading (1 1 1)
6 13 14 17 16) (25 5 1) simpleGrading (1 1 1)
8 15 16 19 18) (30 95 1) simpleGrading (1 1 1)
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10 )

111

112 mergePatchPairs

113 (

114 )}

115

116 // Fkswsrskokokokskokokokokskokok ook skokokokokokskoskok ok skskok ok skskok ok sksksk sk ok skskok ok skskok ko skskskokokskskokkokskoskok ok okokk/ /

BUEDOREE D=0, FHGOEEME UT 1bar 20 E 9. NEMHEEKS L OCEREMAED
WTANIZE, TOREM@MN EREEINDE I EITERLTL I,

3.43 ERITDER

FHREOBREZBODHNS, AL LU TVWABHRIINTLIAREELZZEZDLHENDHY) £
T VEBEATODMETIE, FAROEEIZIEFITNI SZY 90, EHRIZKFDOEET
ERHELET. SHIUTOLDIEHEINE .

1 1
=== ————— = 14832 3.17
Vv Vasax10—7 m/s (3.17)

BHRD A Y Y 2lZEWT, AV Y aDREEIIEXE ET 2mm (7 7 1)V blockMeshDict THLK
% 01U XIIEE) Y.

UAt
Az
2o CHYARKEMATY 725258, BEZ At=5x10"s T hiEFHRIZFLTI—F
VEMN035 8B ET. a—RE5HANINDE (BEEEIZEDSL) 77— VUL, 2HIFRY
INSVMBEIZZRZ ZEIZEEELTLAEX Y, BENRD 2 DIZEHNREOEEFELROT, YIal—
vavE%E 0.25ms £ UE9. *2FIZ, 771 ) controlDict # LA NIZ5[HU 9.

Co = (3.18)

1 ke k= Gt =k mm o *\
3 1 A\\ / F ield | OpenFOAM: The Open Source CFD Toolbox

4 1 A\\ / 0 peration | Version: 2.1.0

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

6 | \\/ M anipulation | |
7 K */
g8 FoamFile

o {

10 version 2.0;

11 format ascii;

12 class dictionary;

13 location "system";

14 object controlDict;

15}

16 // % % % % k% % % % % >k % % % % % % % % % % % % % % % % % % % % % % *x % *x x x //
17

18 application sonicLiquidFoam;

19

20 startFrom startTime;

21

22 startTime 0;

23

24 sStopAt endTime;

25

26 endTime 0.0001;

*FRYE : ERAEA? BIH I T W3S controlDict Tl 0.1ms 278> TW5.
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28 deltaT 5e-07;
29

30 writeControl timeStep;
31

32 writelnterval 20;

33

34 purgeWrite 0;

35

36 wWriteFormat ascii;
37

38 writePrecision 6;

39

40 writeCompression off;

41

42 timeFormat general;
43

44 timePrecision 6;

45

46 runTimeModifiable true;
47

48

49 [/ Rkkkokokskokkokok sk ook ok 3k ok ok ok K ok ok 3k K ok ok ok K ok ok 3 ok ok K ok ok ok K ok ok 3k ok ok kK ok ok kR ok ok ok sk ok kokkkkokkk [/ /

344 H—RADET

Pressure, p

(bar)
100
%ll
80 -

70 -
60 =

50 l
40 =

30 *

20
10
0

(a) t=50ps D& X (b) t =100ps D& ¥ (c)t=150ps D& X
B 3.10 JESEDERE

dxFoam* C7r — A% FEf7L, FRZ2WAFULT DI N TS ET. WL ) Ao HEH LT

W e EIZ, JRANVIZHR>TEREPBEL THEET. ZOENENRZ 7 ALITET D
&, TO—IEAR VY INIEDL>TOE, —EIEKFINET. ALNNA TO LT TR
INDZ L&Y, WEEYITWIZIEWNY, EHELTHEET. M3 10BN EZFEERTRL
TWETOT, BEOHFMEMR IOy hEYE, FEALDIF-oIVELRTENET.

*FRIE © OpenDX % FH U 2R A MUY —)b. BITN—Y a VIZIXEENTOR,
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HELYIalb—YaviFaROKRHEFEST U TKEINAZEIS TETR>TE 26, &
DM ENBIRTEZTL LS. ZDIZ LR ZDMN OrOYHFEAIZ RETEX DD,
HMWES, $RLLAEZERBFTEILZLIICETY VIZINTVENHTT. ULALANLH
FITIE, AREIT & D IR ORI R BE R SARITER LT, FryET7—a U - S
BRIV ET. UknoT, EHE, BEOKLELVENENE, 2a<bFyET—va
YOI ANVIEE D IFERIHEICES OTRITNE, —MICITEREL £9.

345 XvwIa1DWRBRICLDBONE

BONZENBORMFEREEZ A T2 L, EHERZ Y 7 NIERE U TNRER CHAEM I X
B UTWBBEFVLHONIRATENET. £/, W<O2EDIN2BETDMIZFELEI -
TWAIZLHEHLMNTT. 22T, 22V Y —TRINHOMRE 215D 7/2012, Avvaz
WRU, BEATY 72H<UTAEL & 5. B blockMeshDict % ftE L, = B LTy fAl
WZOWTEVEE AFIZ8PLET. 2FY, 7O0v 2701 (30 20 1) 5 (120 80 1) & L
£9. ENERAKTY. ZD7 7 AV 2M>TblockMesh 27U £9. ZAIZMAT, 77—
TV E 1IUTICEDZDIZ, ULAER>TAt=10""s12, KA TY T2 58T 2 0ENH
DET. ZO2EHOYIab—yavid, M3I11LITRTEDIZ, ENEOBGEINTVRA
WELTHET.

Pressure, p

(bar)
moll
90
80 -
70 :

(a) t =50ps D& ¥ (b) t =100ps D& ¥ (c)t=150ps D& X
X311 BERAY Y 2B 2 ENEOER

3.5 BMRERN

ZOBIETIE, BBONEEBL, BRAOEEE S WEORNIOWTHNET. ZoH
W3, BRI (MHD) & LTHIBNS, HkH¥ED->DRETHY, mhdFoam % il
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FH3FE OpenFOAM D{di 4l

9.

35.1 RIBEHRTE

Z DOf#E
THsNnT
IZEEIN

IZ index VW Z 0 @QBIEINL v v EAZV@Q/NL b VRBIE NV Y VREEE U

B, fENEIZEL 5T mhdFoam #MREETCEADTRETEL . MEIZLITDO LD
FI.

FEMTREIE  HIIE 27RO T, K 3121TRT & DI, 2MDNATEMIZIH o I An 578 £7.

XEHEN

20

-
|

—
-

t.
TBy:2OT 2

- |
|

/
AH: U, =1m/s HIT: p =0 bar
3.12 NV b v U RIRED G EES R

FE IR TR OB & -7
V-U=0 (3.19)

FRIEMEMEGAA D B & TR

g{+v-@nﬂ+v-@BﬂwBy+vmﬂn+vu3UBuﬂ=—vp(3%)
ZITBIIEREETHY, I'py = (2up)~! TT.
Y7 AT IO SRER
0B
VxE=-"" (3.21)
ZITERES®RETY.
VxB=0 (3.22)
vXH:J+%?:J (3.23)

OD/ot < J ERELTWET. ZIT, HIXMEGEE, JIXEBREE, TLTD
FEREETT.
A DRI

V-J=0 (3.24)
R S

B=uH (3.25)
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J=o(E+U x B) (3.26)

o X (3.21), X (3.23), X (3.26) ZMAGDLET, NiEEL>~ED

%if +V-(UB)-V-(¢p)—V-(IBB)=0 (3.27)

RN
o inlet [FHEMEE U = (0, 0, 0)m/s D inlet k& U THE*
o outlet FENMEE p = 0Pa D outlet & U THE *
o upperWall i B = (0, 20, 0) T ® wall & U THE
o lowerWall ¥ B = (0, 20, 0) T ® wall & UTHE
o front & LU back HFIL empty & UTHRE
MEAZHE U =0m/s, p=100Pa, B = (0, 20, 0) T
ETpe e
o HRREMEMRE v = 1mPas
o B p=1kgm/s
o BREEE o =1(Qm)
o ZEWE p=1H/m
YV IV/N%  mhdFoam: FEEHME TR O EMEA T — R
r—24% $FOAM_TUTORIALS/mhdFoam's ¢ L7 NV M HiZd % hartmann 7 — A,

352 XvI a4k

FHAEIIE ¢ SHIIZ 100 BV, y HREIZ 40 BV UTHEMIZE T IMEINTOET. THES
LT w I EUTOAY Y AEHE T 7 A IVIIRUET.

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

4 1 \\ / 0 peration | Version: 2.1.0

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

6 | \\/ M anipulation | |
7 K */
g8 FoamFile

9

10 version 2.0;

11 format ascii;

12 class dictionary;

13 object blockMeshDict;

14}

// % % % %k % % % % %k Xk %k % % * % %k % %k %k % X Kk Kk X % % % % % %k %k %X % Xk x x x [/

=
o w

convertToMeters 1;

—
o

vertices

[
o ©

(0 -1 0)

[
-

HRUE  HWN—T 3 Y Tldinlet, outlet WD BERGRMENH 02?7 CRIER) BTN —-Ya VTR, ThEThU
HBWE p % fixedValue & U, 5% zeroGradient &4 5.

TR ZAUSH A=Y 2 Y CORLE. B T/8—Y 3 2 TIXSFOAM_TUTORIALS /electromagnetics/mhdFoam
Zhb.
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FH3FE OpenFOAM D{di 4l

57

(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)

)3
edges
(

)

boundary
(
inlet

{

type patch;

faces

(0 47 3)

);
}
outlet

type patch;

faces

(2 65 1)

);
}
lowerWall
{

type patch;

faces

(

(1540)

} I
upperWall
{

type patch;

faces

(

(376 2)

} b
frontAndBack

type empty;

faces

mergePatchPairs

)

// 3k 3k 5k 3k >k >k 3k 5k 5k 5k >k >k 5k 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 5k >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 //
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353 T—RDET

dxFoam* CT7 — A% ETL, fEEZAFLTIIENTEXT. U XY MVEGE» SEBID A
717 4y % B YD 9 Ucomponents L— 7« U 7« L] TY. BRBAEORNIE, F& LT,
P LA SRR R AN N Al ) s e WAVIZ V%

Ha= BL,|-~ (3.28)
pv

W&o TKilINES., ZITLIIFMERITY. 2OV —ATIE B, =20T, Hao=20Td
D, MM U CEBI AR BT, U2 T, MAXdT o) EHIZEo
t=2sIZBWVT, FRO z = 10m (2902 72 WiH CTAHZEE S IE KB HEHIZZ > TV FE
§. dxFoam TU, DA% 7571270y b FHIENTEEY. IC, WREEBZ1TIC
oS5 UT, B I — K& Ucomponents # FHFEITLTAELED. ZOTF—ATId Ha=1%¢7%
D, BIFPERABAEEIPEEMNTIIRS A 9. LAad>T, M3I13IZRT LI, #
ERMIERT A ARNORETH L Wikpik & 2 £9. 32— REREET 272012,

Uz(y)  cosh Ha — cosh Ha(y/L)

U (0) cosh Ha — 1

(3.29)

THZ N HEENA U, OFNRZ 313 ICERTRLUET. 22T, BMEEX LIXEHEME
BotEDN45, 2FD 1m TY.

y (m)

+1.0@

0.0 -

—1.0 GeEEE——r '
0.0 0.5 1.0 1.5

Uy (m/s)
313 B, =1T8&U' B, =20T ®/V b v VHEBIZ BT & HE S

*3R7E : OpenDX ZFJH U 2R A MO —)b, BT NA—=T a VIZIFEEhT0R.
TR« BT M AMEDLNT VB D, DIz WDT Ha & U7,
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# include

C++ H

'EIIIJII
dio
%
it

&

tensor D A > INEEEL
&&

tensor D A > INEEHEK

tensor D A >/ NEEK
tensor D A > INEEEL
tensor D A > INEEHEL

tensor D A /I B
/x...%/
C++ X
//
C++ M
OpenFOAM 7 7 1 VI
<delta>Coeffs
F—17—K
<LESModel>Coeffs
F—TU—R
<RASmodel>Coeffs
F—7—R

tensor D A > INEAEL
0

T4 L7 KV
0.000000e+00

T4 L2 Y
1D

AW a
1%t

AW a
2D

AW o
2 ¥t

AW a

A

addLayersControls

F—U—R
adiabaticFlameT

A—F 1) T4
adjointShapeOptimizationFoam

PRIZA
adjustableRunTime

F—U— KTV Y

U-76, U-83
P-24
P-24
P-24
P-24
P-24
P-24
U-83

U-83
U-106

U-187
U-187
U-187

P-24
U-106
U-106
U-133
U-133
U-133

U-133

U-148
U-99
U-91

U-65, U-114

adjustTimeStep
F—7—FK
agglomerator
F—U—Fk
algorithms
V=)
alphaContactAngle
Bi5t st
Animations

RSV PAY 9%
anisotropicFilter

ETIV
Annotation

T4 Y RYISHI
ansys ToFoam

R U (
APIfunctions

ETIV
Apply

mAa Y
applyBoundaryLayer

=74 VT

U-26,

U-167,

applyWallFunctionBoundaryConditions

A—F AT

arc
F—7U—R
F—TU—RTV KV
As
F—TU—R
ascii
F—TJ—RTVHY
attachMesh

=74 V74
Attribute Mode
A= a—
Auto Accept
KRV
autoMesh
475
autoPatch
=74 V75+
autoRefineMesh
d—74 V74

B
backward
F—U—kxZrVhHV
barotropicCompressibilityModels
7477V
basicMultiComponentMixture

U-65

U-125

U-100

U-62

U-170

U-103

U-169

U-94

U-102

U-170

U-94

U-94

U-141
U-142

U-185

U-114

U-95

U-36

U-170

U-100

U-95

U-96

U-121

U-102



P-75

ETIN U-102, U-184
basicSolidThermo

477 U-102
basicThermophysicalModels

21477 U-101
binary

F—U—RTVHY U-114
BirdCarreau

EFIN U-104
block

F—TJ—R U-141
blocking

F—TJ—RITVHY U-85
blockMesh

7477 U-100
blockMesh

FATATRE B THAR D FEF U-142

A—F 4 UF 1 P-47, U-40, U-94, U-138

blockMeshDict

T4 U¥ary U-20, U-22, U-38, U-52,

U-138, U-146

blocks

F—7U—K U-22, U-31, U-142
boundary

T4 ary U-131, U-138
boundary

F—7U—NK U-143
boundaryField

F—TU—NR U-23, U-110
boundaryFoam

VRIZA U-91
bounded

F—TU—RTVHY U-119, U-120
boxToCell

F—U—FR U-63
boxTurb

=714 V7~4 U-94
bubbleFoam

DIZA U-92
buoyantBaffleSimpleFoam

VRIZA U-93
buoyantBoussinesqPimpleFoam

PRIZA U-93
buoyantBoussinesqSimpleFoam

VRIZA U-93
buoyantPimpleFoam

VRIZA U-93
buoyantSimpleFoam

VRIZA U-93
buoyantSimpleRadiationFoam

VDIZA U-93

C

C++ M

# include U-76, U-83

[k, .x/ U-83

// U-83

OpenVFOAM-2.1.1

cacheAgglomeration

F—7—R
calculated

b S
cAlpha

F—TU—R
castellatedMesh

F—U— K
castellatedMeshControls

F—TU—R
castellatedMeshControls

T4 ary
cavitatingFoam

VRIZA
CEI_ARCH

BREA R
CEI_HOME

BRI
cell

F—TU—RTVhY
celllLimited

F—TU—RxTVhHVY
cellPoint

¥—U—KIV kY
cellPointFace

F—TJ—RITV KV
cells

T4 ary
cell 77 A
cfdTools

v =)V
cfx4ToFoam

=74 YT+
changeDictionary

=74 YT+
channelFoam

VAIZA
Charts

OV NV PAY )7
checkMesh

dA—74 )7+«
chemFoam

VEIZA
chemistryModel

ETIV

72477
chemistrySolver

ETIN
chemkinToFoam

=4 YT+
Choose Preset

REV
chtMultiRegionFoam

VIZA
Chung

72477
class

U-1409,

U-9

U-9

4,

U-125

U-138

U-67

U-148

U-148

U-151

U-92

U-175

U-175

U-177

U-119

U-177

U-177

U-138
P-31

U-100

U-155

U-94

U-91

U-170

U-157

U-92

U-102
U-102

U-102

U-99

U-167

U-93

U-102



P-76 il

*F—7—R U-107 F—U—KRZ>v Y U-119, U-120
clockTime Cp

F—TJ—RTVHY U-114 F—TU—R U-185
cloud cpuTime

F—TU—R U-178 F—TJ—RITVHY U-114
cmptAv CrankNicholson

tensor D A > 7 \FE%K P-24 F—U—RIVhHY U-121
Co createBaffles

=74V T+ U-97 =74 VT4 U-95
coalChemistryFoam createPatch

VRIZA U-93 =74 YVT+ U-95
coalCombustion createTurbulenceFields

475 U-101 aA—=F4 VT4 U-97
cof CrossPowerlLaw

tensor M * >/ NEEK P-24 S a2 U-104
coldEngineFoam CrossPowerLaw

VLA U-92 F—7U—KRTVhHY U-64
collapseEdges cubeRootVolDelta

=714V 7~A U-96 T U-103
Color By cubicCorrected

AZa— U-168 F—TJ—RTVHY U-121
Color Legend cubicCorrection

DAY RTISFI U-167 F—U—RZVRY U-119
Color Legend Current Time Controls

JA4YERY U-29 AZa— U-28
Color Scale Current Time Controls

T4 Y RYISHI U-167 AZa— U-167
Colors curve

4 Y RYISHIV U-170 F—7U—R U-178
combinePatchFaces Cv

aA—=T714V74 U-96 F—U—FR U-185
commsType cyclic

F—U—R U-85 b S U-137
compressed cyclic

F—TJ—RTVHY U-114 F—U—KRZV Y U-137
compressiblelnterFoam

IRIZA U-92 D
compressibleLESmodels datToFoam

F477Y U-104 R U ( U-94
compressibleRASModels db

F1477V U-103 Y —)b U-100
constant DeardorffDiffStress

FT4L 7RV U-105, U-183 ETN U-104
constLaminarFlameSpeed debug

ETN U-102 F—U—R U-148
constTransport decomposePar

5N U-102, U-183 =74 YVT+ U-86, U-87, U-99
containers decomposeParDict

W =) U-100 T4 ar) U-86
controlDict P-67 decompositionMethods

T4 2vary U-24, U-32, U-45, U-54, 477 U-101

U-65, U-105, U-162 defaultFieldValues

conversion F—TU—R U-63

477 U-101 deformedGeom
convertToMeters =4 YT+ U-95

F—7—R U-141 Delete
corrected K&V U-167
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delta
F—7—FK
deltaT
F—7—F
det

tensor O A > JNBEE
dev

tensor D A /I NEEHL
diag

tensor M A ¥ INEEEL
diagonal

F—TJ—RITVHY
DIC

F—TJ—RITVHY
DICGaussSeidel

F—U—RTVhHY
dieselEngineFoam

VRIZA
dieselFoam

VRIZA
dieselMixture

ETIN
dieselSpray

7475
DILU

F—U—RTVhHY
dimensioned<Type>

FTYTV—=KNT TR
dimensioned Types

Y —)b
dimensions

F—TJ—R
dimensionSet

77 A
dimensionSet

Y —)b
dimensionSet 7 7 A
directionMixed

B
Display

ZE AN PAY )2

U-167

distance

F—TJ—RITVHY
distributed

7475
distributed

F—TJ—R
distributionModels

7472
divSchemes

Fom— R
dnsFoam

VRIZA
doLayers

Fog— R

dsmc

U-88, U-187
U-113

P-24

P-24

P-24

U-123, U-124
U-124

U-124

U-92

U-92

U-102, U-184
U-101

U-124

P-26

U-100

U-23, U-110
P-26

U-100
P-33

U-138

U-26, U-28, U-166,

U-151, U-178
U-101

U-88, U-89
U-101

U-116

U-92

U-148

OpenVFOAM-2.1.1

477
dsmcFieldsCalc
e
dsmcFoam
VDIZA
dsmclnitialise
dA—T4V7+4
dx
F—TJ—RTVHY
dynamicFvMesh
7477
dynamicMesh
72477
dynlLagrangian
ETN
dynMixedSmagorinsky
ETN
dynOneEqEddy
TNV
dynSmagorinsky
ETN

eConstThermo

ETIV
edgeGrading

F—TU—R
edgeMesh

72477
edges

F—7U—FR
Edit

AZa—
Edit Color Map

rav
egrMixture

ETN
electrostaticFoam

VDIZA
empty

b S
empty

F—U—RZV RV
Enable Line Series

rav
endTime

F—TU—R

F—U—RZV RV
engine

477
engineCompRatio

=714V 74
engineFoam

RIZA
engineSwirl

=714V 7~A
ENSIGHT7_INPUT

U-102,

U-102,

P-65, P-71, U-20, U-133,

U-24,

U-101

U-98

U-93

U-94

U-177

U-101

U-100

U-103

U-103

U-104

U-103

U-183

U-142

U-101

U-141

U-169

U-167

U-184

U-93

U-137

U-137

U-37

U-113
U-113

U-101

U-98

U-92

U-94



P-78 il

BREGZ I U-175 F—U—R U-177
ENSIGHT7_READER fields

RIS U-175 Y =) U-100
ensight74FoamExec fieldValues

=717~ U-175 F—TU—R U-63
ensightFoamReader fieldview9Reader

=714V 741 U-96 U ( U-96
enstrophy fileFormats

A—=T4 VT4 U-97 477V U-101
ePsiThermo fileModificationChecking

TN U-101, U-184 F—T—R U-85
equilibriumCO fileModificationSkew

=717~ U-99 F—7U—R U-85
equilibriumFlameT files

A—=T4 V7« U-99 Z7AN U-77
errorReduction filteredLinear?2

F—U—FR U-155 F—U—RTZrV RV U-119
Euler finallLayerRatio

F—TJ—RTVHY U-121 F—TU—R U-154
execFlowFunctionObjects financialFoam

=714V T~ U-98 VDIZA U-93
expandDictionary finiteVolume

aA—=74 V74 U-99 475V U-100
expansionRatio finiteVolume

F—TU—R U-154 Y —)b U-100
extrude2DMesh finiteVolumeCalculus 7 7 A P-33

=714V 7~A U-94 finiteVolumeMethod 7 5 A P-33
extrudeMesh fireFoam

=71 U7+« U-94 VDIZA U-92
extrudeToRegionMesh firstTime

A—=T4 V7« U-94 F—U—KRZV Y U-113

fixed
F F—U—RTrV R U-114

face fixedGradient

F—7—R U-178 Bist st U-138
faceAgglomerate fixedValue

A=T14 VT4 U-94 S5 St U-138
faceAreaPair flattenMesh

F—TJ—RTVHY U-125 R U ( U-95
facelimited floatTransfer

F—TJ—RITVHY U-119 F—TU—R U-85
faces flowType

FTa7vary U-131, U-138 I—F4 U7+ U-97
face 7 7 A P-31 fluent3DMeshToFoam
FDIC =54V 7+ U-94

F—U—RxTVhV U-124 fluentInterface
featureAngle TALI R U-172

F—T—R U-154 fluentMeshToFoam
features =74 YVT+ U-94, U-155

F—7—R U-149 fluxCorrectedVelocity
Field<Type> BESaAt U-139

FTYTV—N NI TA P-29 fluxRequired
FieldField<Type> F—TU—R U-116

FYTV—= T T A P-32 FOAM_RUN
fieldFunctionObjects BRIRZS U-105

72477 U-100 foamCalc
fields =74 VT4 U-35, U-98
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foamCalcFunctions
473
foamCorrectVrt

AIVT N/ ZA)T A

foamDataToFluent
dA—F74V7+

foamDebugSwitches
I—54Y7+4
FoamFile
F—TJ—R
foamFile
F—TJ—RITVHY
foamFormatConvert

A—74V7+4
foamInfoExec

=74V 7+
foamJob

AIVTN/STZA)T A

foamListTimes
A—74V7+4
foamLog

ATVT N/ TAVT A

foamMeshToFluent
=74 VT4
foamToEnsight
=74 VT4
foamToEnsightParts
=74 V74
foamToFieldview9
=74 VT4
foamToGMV
=74 VT4
foamToStarMesh
=74 YT+
foamToSurface
=74 VT4
foamToTecplot360
=74 VT4
foamToVTK
=74 VT4
foamUpgradeFvSolution
=74 VT4
forces
71472
format
F—7—K
fourth
F—U—RTVhHY
functions
F—m—f
fvce 77 A
fvDOM
2477
fvMatrices
Y =)
fvMatrix
FTUTV—=RT TR

U-100
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