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Solenoidal DB AL, o
HBEHERKL -0

BA @ &k 58

51 g

AN FEBRRCcI2 0%, Navier- Stokes HFET
(D~ A-4) odfafBs s RENRABHRA (i)
RTEIEB I AHTHBD SCTHR. EEL, 22T
BNZAG 20O LT AR +FROERCHSI,

QaaCR " n23, 202 G+t5855:33.
(LD F=Au-gedp-Cu-qadu  (zeq,t)
* (1.2) div L=0 (xe .1>0)

(13)  ulg=0 (t>0)

(14 uhe=a (x€Q)

EXP TR U=UC) = (U (D), oor, U (1)) 8 B 15
P=P&U:ED.  =QE): MIHME & 2wz wEh L
TO3, Ik MME BB CtC1THICLT O3,

£ enotalion ¢ T, ok ciRas,

1
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Def. 1 H=[@]" Hs={ue|dwl-0, a0}
o= (U R [FRecq), U= qud R} =EL
Un & U 0SB EZER BB PR &, 7 FHT
® closure EX&bHT, |
IHE 05 He G BEREMF Ueloa=0 £ =T solenoidal
vectors NERTFN, Hu (&+58 570 5 &l ﬂt"uﬁ\dﬁ
cEBF3 vector nE B Td 3.
Prop. 1 He=HoHw »m1sz. (1)
He U< He 551 (U, qudp) = j UG- Jwd ped=
rEELTO3, EMPZ, PE P: H-C2sHs &3
BREE M3, D~0-D & o HAeH BT
A Hn3,

((1.5) G =PAu-W-quddu) (t>0)
1(1.6) u\m 0 (1>0)
L) weo=a

[MlehTy Hso8CXE&AERZE A &
| Au=-PAW
@(@"—*A@’E%i@}‘z{ufEHG‘Aue}{,u\zfo}
CIR®, SWEROT (15).(1-6) MCHIZ REHFE L
{ K= —Au—PU gosdu
W(o)y=Q
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ZLTO3,

S2. BXE P oA
WEHBAR N THNNFBEEETEH,
2-1. Neumann BSRE =RE§ 355
Brop.2. 1. v=ve r HeBIz Aokl aise 63
&, ZAN5— & R 220 Neumann BRE (2-1), (22)a
R LTRM3., (EEL VoBRAHS FRETI)
2D AR=dw? nQ |
22) RcY=UN om0 0 AL
208 Py=—v— qud R T®H3.
BERR 55 LO, (88  fRohighk jncm)dx:‘ ds
FHESRTOI N, BRCWRHBoEUSBINTO
B3TCRFEIANSTHI.

C-2. ko dEBO3InZ (20 aHB)

2T oA RS, R odd EBuT (21),22) &3
BUEE Dirichlet BREC G, RN0&EBEESITEDL.
L= e U= (Unlle) = (2% —22) TH3.
3F Rot (’U«,’Uz)i %3% —%% & 2227t o Ratation EREHI,

3
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Pmp.z.z. V=V FPHcBEIIAND LI &&&Td 3 =
S o By D & 20 Dirichlet FRE (2-3). (2-4) 0 &l
TSI, BEELC Q SBReT RIEI3.

(2 AP =Rt v=2L_ CTaE ANe]

(2-4) D= const. (ABRF,)  on 22
zo8%F Py= g% 22 #3,

fE8R &7 L O, (BR)

Remark .

OAFBBRIMTH BB M LT, T 0> &31%0E
IS, A% F. CEMERRLS. (2-4) T a F=const
& Un|laa=0 CHELTEHN. 2-0BRETHC wnst.&
53 CREEGRGL. £=T 202> O\Ds‘n‘ch\eff’cﬁ"aﬁa )

E B, P LT =347, TRE EfEDCZ,

{—-A@o =RtV . —AP, =0 nQ
P, = 0 and)=CYC, . @1 =1 on G
A, 3§ (23).24) EHEY. P=0 on C,

TERNICE, MoOBFANEBOWTEY

| Q}=§M+§> Qdﬁ___ﬁ,uvz I _[ 23, (%
5)C c c%t c Lo Joon ) on
Eel C ®B O & RAE®. NE CoRNMEZIRAD
(23, |

4
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83, BAHY P n&BHEE
3-1. Neumann 58
AP OTBREL0II AT, (271).(22): (2-3) (2-4)
ERNF S, THRRIEER L3, discwetiga.tiqn ORGR
FCHH BARE R §HHEIREHBEAE & 3.
3D Ax=b |
Dirichlet MR 0HGHE a7 CHTHEE AT G
HID, EMHSIRATHIOL, BEREHARULESL, —
% Neumam FE& (21, (22) 5. A unigue G A
OB AR ITHANEMN TG A3, i, TEIRO
CE&D-B o2 reBTHD, 2055 0%k >n Foo
THA 3 2 BEHY §3,
V> 0hHZB LT, £ 04D /)ﬁ:ftrﬁm%iﬁr EB1m
L THE /X Unigie « i3 &HRFNE LTE RO, E8|T
BTt RRORMBIETWIS O, BB MG T T3,
#ik 0 Remark (RED, WG SR IR OELR oG
&Eb=0 054
(32D Ax=0
ISWR, T€ -MMELED GO,
PY‘OP. 3.1. TR EAT A= ((L‘é) st N EFIE
B Qi >0, 1gicn B D& Ax=0 & FZ < Ganss-Seidel 2

5
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(HTBIRS) & INT OMIRADFIL O /LT, =
NHALE §3T AT =WR Y3, =R et ()
ALY,
treR 1 [2], |

5= AN Bop (A 53148 [3] &E/ETE. SOR €4%
HTE&3. \

R’CP.?}. 1. o2 (S Neumann B8 0 discreti 3ation P2
ZTOUBBNTE, €08 (L€ TEEFW,
Cor.3.2. r&eRop.31. «®T A=G'G ®EJN
& IATOBMEAD FIL AT =W (T @==0 T&3.
[BE0R] Prop31 8§D Ax®s (RS fou Y ©
RO 2® < Mo, (MotFx® =tk 53 3 %) 7413,

2t P A ® x| [ Ax®] < M AAZ®| -0, ke

Gx® > o0 (&hH)

sz oAectTr (Quroelc) BREH »ro .
(&) EAMIZEAEBLTOI0T, —A= (~div) Jud
n difference am\ogue LT A=EFD)g =& G &
BINBELT, G~ qad, @A) B30 Fa N
Neumann 18 0 RFEH T sH Tl =G, fj o god
TH, DS, Corn3.2. & P a3 ,4%(:Pv.@~
EH RT3,
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Remark .
D Neumann 58 (2-1).22) & discret(?)e (EGDH
Aoc-b e, | dndde={ Wds oz e,
bel Ker(A)]l': ?1\3 (A*) = Rr\z (A) @ AGEEHaE)
FEZ3. »>30 (3-1) 0B 0B MRBE SN, D2
b=0ck 2zt —RiEE&his o,

@ Fop.3.1. (& rG‘enem‘l‘Bed Tnverses ' 0T (=8, CTARE
c3eng3. ([416T) |

32. ChoinZ ohzf
B0 At WIBHIR 0BIE B RIBZTHID AJ.
Chorin 7 [5] (R EANTOI B E. L2 0 S > B RGBS T3,
{ W=y — GER k1. G~ CGFGd.
¢kﬂ = ¢E—9Dwk‘q R=1.0>0 D~div
0<0< Vi R8I\, n- %) B5\&
WR—>Py  (ktes) fou Y1
Chorin 338 <, WR &R, v GRBMEBTHFIC (HRE
OTERRTRT 03, 4, T IBREM B Y3 BEs 361
LBFOBEFIEZANTO 35, Témam A'16] ¢ -6La
WBBCE. SOHFZEABLTHR,
3. Jamet -Lascaunx -Raviart [71 T 2% %o

7
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Fho &IWEROEPH S, BA FB B HZERTL
TOIEEZID, -2t >0 TSR AN EFRE T
TO3, IGO0 BHANEAE S = Neumann B8 S EE<
ANETHRY AT L T, Dirchlet B ERIFROCLT
03, He ' {qed p| p-0=22} =5 TSR350
OCHER (EIT (=§3TNTH3Y,

54 BBRLEHBRIR
2T 0B &, Neumann HiF8 EB 0 TE. Dinchlet
RS Tt PIARBTEI. BRGH o T RE
mﬁ% E(THBRITHE. fERENTRIRET 3.
STIEHAGZOSS BB T EHS.,
Q=——Lo,1]x[o,1] EHIAAE . £ LRRGE TS
D BWHTH), BRE1ITHIET 3.
V=00-P, D, e s Pradit 33,
2B cr BB < Pu=3G0-9, 0 Riseille Hlr ©
AT LFH DD, BEIBRRFIOREHTH3.
ERPZ o discretization A TE. 3§ mesh & (0 EH 1B
IR Q) BRG AV E 0 FTHATYI,
A(57r5372) oM GEBEN BREM | Neumann F1% 0.

3



195
%—‘% GERREENPCLE, R=Dirchlet BB o RV,
i’U, Neumann B8 o0 divU=0, Va=11 $9HEP $D
data € LT 52 TLS- E. |
SOR 0\ & Tk §3 Eoh, 1 alBA (order) &
B FQEMBER CHHS =AU, X8 HBTIAHT
((IT) E4k-E. 20HZE mesh AR 4 ¢ Dirichlet

BB 0B =>0TET JW@ T o &d THI.

xR AR T §3RER oATH
4 o, an s I IRR 123 45678 F 0112

}1 . CETLTOD. 4 444
5

1
2| 4 -1-1 A

31 4 Sl A4
+ 4 441 4
5 4 -1 A4
é 4 A-14
Il

8

T

1o

A 414 | 44
444 4 |

| -1 A4 4

2 141 4

BPacE i 0 £EXOLTOI.

B2 0518 <& mesh AR Yg T 6 3.

RAB S oUNER 0BG, 5 ER o maximum norm A 10T
(H30G 0°) UT =l E =R FB LE. SOR
AMEFR (S DL <1E EE o maxinum porm & @ o THEE
(. IR -SUTo "$18 oftRy o384 s, &
A& maxinum norm T ET LEXATES, |

9
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B OTR™ 19 ok B ERIRBER, -7 (5. CPU Jina & FI0J

1) Neumann %\%@3@@ nC ﬁ. QAN FEE & £ o %ﬁt’_% (TS50,
(4D8R9E. & ol zew )
W?_—:\US% W=1.0]| WwW=12 (Q=(T)o|7t'== 0.161399% € +01-
10 | zba| woa | ¢1@ (5abh) #4% 016052138-02

10° | 7| 7| 92a (&7Y) Bk 0bmITiE-03

2) DlrlCM-QT FDE‘% Eﬁg \WC @o O‘ﬂﬂ—\@ E¥®3 %T% (T >0
(EnERTE & M zevo )

wqﬂfﬁaﬁ W=10| W=12| W=Wopt=0.16A2605E+01
w0 34@ | 25@ | 20 @ (&Y 8%% 01137{53E-03

0 | T T 4@ (5RY) BA 0B33IMoE%

3) Dirichlet MBEBFTE, oA WREXL O IR =13 A
B it BRBOEDME RO oBETEH 3. 4
BHod T, 2o FIHBI. BT MEE ol zer &0
& & Lt&%t?m&b = r@%

W%\hﬁﬂ W=10 | @=12 | ¢ —@,w—msomoem
0% | 2518 1N48 | 9@ (—)

ws | / | wel=) .

10
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4) Dirichlet FARB=#53 Y oBtE, & U F, (3.0-0m
TI0*THR(EEOEARO E I P ¢ 15 BB ofe T
BofB &R E, S GHEEN FETDREN TEWLE,
TEneEs (s J=const. < const B E B2 T LAY L EWR
ETERY, BF exact BEE J= 6 <3,

const| AU EH hrES |
0 | 0135%I3  wk&5THIT
Y| 013960%  0.1670942
Y| ovszToz 01672972
H| 0wt9a24  0.1676024
el 01528082 01619647
J¢| 01565720 0.1633293
Sl 01610792 01636403
Mol 01650163 0.1633491
S| 01638064 01639225
Ze| 01928962 01638491
6l 01760319 01686403
el 0030145 01633293
Kol 01831221 01699647
e ORI 01676024
; Yol 019048 01672972
7| 01943667 0.1670942

11
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5) B0 E Py e dtiszE.
Neutnann FAEE T3, W=, WRANR W0 <o R o T0xf2
ST qudll & PREAH CLoE.
Dirichltf8R8 (0 &#) <G HE 4) Rt 3., $, o
AW E= F=0. wqo?afz (H'lléoxﬁ cH T 0fB) B 0T
3=3.+7%, L. (55, -22) EHREACTHEBLE,
fazhET ot (%(1—-;33 0) £& OIABIS, wr T it
BL, T, )BT meximum error & HKTE,

mman CHA RS
Neumann | 0.0 0.5116702 E-02
Dirichlet | 0.1944423E-02 | 0.0
0B &, Y, B PLBAEFSTF TR (R
52 0 FIERCIRERI AL AR 21T §5 T eror 4.0
NHEFNTE, |

*BtR & CPU fime T BAT LEEN (= >0T s, HITAC B020E ¢
FORTRAN (HARP) [HX XU stRME©9-1 TERLE, 2ot odps
(5 FACOM 210-20 FORTRAN & €A% L&,

* RRIVIH MIP-FHIAW.
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