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2193 Q
M TlE. veX THBZZEDLS v=0. WZIC
/a(u,p)n-vda:O,
M
My Tld, o(u,p)n =g TH 205
/a(u,p)n-vda:/gg-vda.
) 2
M3 T, o(u,p)nid n EATT, vid v-n=0 Zifi7z§DT
/a(u,p)n-vdazo.
M3
W 2T (8) IERALFMETH 5,
9) (%—l—(u V)u, v) —(p,V-v)+2y/E(u):E(v)dxf/ g - vdo—(f,v)=0.
Q JTry

SHEBET 2L (2a) Kk B, (L)

B e htt
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11.2.2 3913\ (2a) DEH  RIGK (/& 10.1 DFEEH)
frweewan= [ (5 (504 52) 3 (5 + o))

(BRIL7)

B M 4 htt I B E TR R 25 10 ~Navier-Stokes AU 2 H [
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11.2.2 591530 (2a) DEH  #BIGEK (HifE
freeman= [ 3255+ 52) 3 (55 + 52)) =

Z Ou; Ov; Bu, dv; | By dv; 9y 3\,1.)
T4 Oy O = d e L 72
/ (8XJ 8XJ 8XJ Ox; * Ox; an + Ox; Ox; X (}Esﬁ )

EH #i8 htt I, H 10 [A] ~Navier-Stokes /i


http://nalab.mind.meiji.ac.jp/~mk/ana2021/

11.2.2 591530 (2a) DEH  #BIGEK (HifE

[ew-aen- (53

72/ (8u, dv;
o Ox; Ox;
72/ (au, ov;
0x; Ox;

B e htt

Bu, 8\/J
Ox; Ox;
8u; ov;
8Xj Ox;

9uj Dvi. | Ou; Oy

Ox; Oxj  Ox; Bix,

8u,' 6\/J 8u; BV/
Ox; Ox;  Ox; Ox;

10 ~Navier-Stokes /it

ou; 8Uj) 1 (8v,- "
Ox;  0x; ) 2 \0x;

9v;
6X,'

) x
) ax

)

(BRIL7)

(2D A= A
i i
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11.2.2 591530 (2a) DEH  #BIGEK (HifE
fyew ewa [ 205 (55 +50) 3 (5 +50))

Ouj Ov;  Ou; Ov; ~ Ouj dv;  Ou; 8\/1-)
2 A Ao —|d JERL 7%
4,'Zj/ﬂ(axj 8XJ+3XJ BX,+8X,'3XJ-+8X; Ox; X (b )

1 6Ll,' 8V,' 8u; 8vj 8u,' 6\/J 8u; BV,')
= — d A,“ = A','
4izj/g)(8x_,-8)g+8xjax;+8xj-8x;+('9xj8xj- x ( ; v ZJ i)

:12/ <6u,- ov; +8u,~ 3‘0’)dx (CZhoWHRNT v DM % u 2 ke D)
2 R4l Ox; Ox;  Oxj Ox;

B e htt
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11.2.2 3913\ (2a) DEH  RIGK (/& 10.1 DFEEH)

IECICEEINE (ZZ,’ )2 (o 7 52))

- ZZ/ ( (EHL7)
iJj
1 Quj Ov;  Ouj Ov;  Ouj Ov; = Ou; Ov;
= — d A,“ = A','
42/(8x_,8)9 8xj-8x,-+8xj-8x;+6xj8xj-> x ( Z v ZJ)
ij ) 1)
1 Ou; Ov; 8u,— ov;
EAC: ) o
i

xj OX; 8xj Ox;
12 / (Bu,vn +8 vn)d / A2u; " A2 u; d
- o — vi x
2 7 Ox; " Ox; I Q BXJ? axjﬁx,

ouj Bv, Bu, 8\/J Ouj dv;  Ou; 8\/1-) d
—_— — ) dx
Ox; Ox; ij Ox;  Ox; Ox;  Ox; Ox;

(ZTHoEMARETTY OWIE v iITXED)

e HH #i S htt I 10 ~Navier-Stokes /74
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11.2.2 3913\ (2a) DEH  RIGK (/& 10.1 DFEEH)

IECICEEINE (ZZ,’ )2 (o 7 52))

:;Z/ (8u, 26 Ju 8V’Jr%%JFa”f%) dx  (EML%)

Ox; Ox;  Ox; Ox;  Ox; Ox;  Ox; Ox;
1
iy o ot
ij i

v - Ov; v
Ou; Ov; 8u, v  Ou; 0v;  Ou; 8v,>dx
i Ovj -
- Z/ (a”'av' Oui Vf)dx (22h o BATAT v OB % u ke 3)

0x; Ox; 8Xj Ox; Ox; Ox;  Ox; Ox;
Ox; Ox;  Oxj Ox;

1 BU, 8 62“1 82”!
it do — : d
2 IXJ: (/ (BXJ Vil o Ox; an') 7 /g"z <ij2 + 6xj<9x, ) x)

0
Z/ (du, uj>vlnjdg_7z/ > i, 2 u; y | dx
a9 2 Ox;  0x ijf)x,

e HH #i S htt I 10 ~Navier-Stokes /74
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11.2.2 3913\ (2a) DEH  RIGK (/& 10.1 DFEEH)

IECICEEINE (ZZ,’ )2 (o 7 52))

duj Ov; Bu, 8\/J Ouj dv;  Ou; 8\/1-)
= - —_— — ) d 2l L 72
4 ZJ/ (axj x| oxox | oxox  oxox) (RIL7)

1 Ou; Ov; 8u; ov;  Ou;j0dv; = Ou; Bv,')
= — d A,“ = A','

4 Z/ 0x; Ox; 8Xj Ox; Ox; Ox;  Ox; Ox; x ( Z v Z i)

ij ij
i Ovj -
- Z/ (a”' Ovi | du Vf)dx (22h o BATAT v OB % u ke 3)
Ox; Ox; 8xj Ox;

1 Z / (Bu, 4 Oui ou; ) d / A2uj " &% u; d
- vin; vin; | do — vi x
2 7 Ox; " Ox; s Q BXJ? axjﬁx,

0
Z/ (du, uj>vlnjdg_7z/ > i, 2 u; y | dx
a9 2 Ox;  0x ijf)x,

Lplpe) ) )

e HH #i S htt I 10 ~Navier-Stokes /74
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11.2.2 §5JE3 (2a) DEH

WK (W 10.1 O FEH)

e [ A

ou; Bv,
Ox; Ox;

() s

1
:/BQE(u)n~vdU—E/Q(Au~v+V(V~u)-v)dx.

FE

z:/
A
(/L
s (5

(55
(

#i B htt

ou;j Ov;
0x; Ox;
Ou; Ov;
Ox; Ox;

ou;
9xj

(5,

Ju;
9xj

ou; 6u1) 1 (8v,- ov; d
— x
6XJ Bx,- 2 6XJ 6X,‘
Bu, 8\/J Ouj dv;  Ouj Ov;
o — | d 2l L 72
8XJ Ox;  Ox; Ox;  Ox; 8x,-) x (D )
8u,- (9VJ 8u,' 6\/J 8u; BV;
d A,“ = A','
8Xj Ox; Ox; Ox;  0x; 8)<j> x ( ; v ; i)
8u,— 8\/J

)dx
duj
v,nj+ax an,) dd/x;(
0
UJ>VIanU'_Z/<

8XJ BX,‘

dx

J

10 [A]

(\..k-?b %MK FE ’Cv@fﬂ(ﬁ%u

12k 3)

A2u; A2 u;

> Vi dx
ij 6xj<9x,
A?u; v A2u; v | dx

ijax,
&% u; 0 ou;
8)32)%4‘;8)9(:6)( VJ dx
(GEWIE)

~Navier-Stokes Jif#
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1123 R %Z 1> HFBRAR D cEL

A(u,p,v,q) = a(u.v) + b(v.p) + b(u. )

A SE

EH #i8 htt I, H 10 ~Navier-Stokes #if
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1123 R %Z 1> HFBRAR D cEL

A(u,p,v,q) = a(u,v)+ b(v,p) + b(u,q)
LB, XD 2 ODRMEIRFAMTSH 5,

rﬁﬁ%ﬁl (BLicgs L2 b o) ~N
Find (u,p) € V x Q s.t.
a(u,v) + b(v,p)=(f,v) (veX),
b(u.g)=0 (q€Q).
N J
(‘F’n’ﬂ%ﬁ2 ~
Find (u,p) € V x Q s.t.
(10) A(u,p,v,q) = (f,v) ((v,q) € X x Q). y

B e htt i FH L fiE 5 10 ~Navier-Stokes F #3092 Hf)
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1123 R %Z 1> HFBRAR D cEL

A(u,p,v,q) = a(u,v)+ b(v,p) + b(u,q)
LB, XD 2 ODRMEIRFAMTSH 5,

M 1 (BRcE5 L7 b D)
rFind (u,p) € V x Q s.t. )
a(u,v)+ b(v,p) =(f,v) (veX),
b(u,q) =0 (q€ Q).
N y,
(-F'rﬁ%ﬁ2 ~
Find (u,p) € V x Q s.t.
(10) A(u,p,v,q) =(f,v) ((v,q) € X x Q). )

(u,p) RTE 1 DfFTHIUL, ME2 DFTH L 2 LI3T D5,

B e htt i FH L fiE j 10 ~Navier-Stokes J #3092 A PR2E
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1123 R %Z 1> HFBRAR D cEL

A(u,p,v,q) = a(u,v)+ b(v,p) + b(u,q)
LB, XD 2 ODRMEIRFAMTSH 5,

M 1 (BRcE5 L7 b D)
rFind (u,p) € V x Q s.t. )
a(u,v)+ b(v,p) =(f,v) (veX),
b(u,q) =0 (q€ Q).
N y,
(-F'rﬁ%ﬁ2 ~
Find (u,p) € V x Q s.t.
(10) A(u,p,v,q) =(f,v) ((v,q) € X x Q). )

(u,p) DHE 1 DETHNUL, FE2 OFTHZ 2 L3T oD%,
—77 (u, p) DM 2 DFTH L,
@ g=0ThHsLI7% (v,q) ITDVTEZXBL a(u,v)+ b(v,p) = (f,v) B¥ErN
Qv=0TH2LI% (v,q) IKDVTEZB L b(u,q) =0 »E»N2D
DT, (u,p) 3ME 1 DIETH 5,

B e htt IWEE ALz 0 ~Navier-Stokes #3092 HREHRDE (1)~
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1123 R %Z 1> HFBRAR D cEL

A(u,p,v,q) = a(u,v)+ b(v,p) + b(u,q)
LB, XD 2 ODRMEIRFAMTSH 5,

M 1 (BRcE5 L7 b D)
rFind (u,p) € V x Q s.t. )
a(u,v)+ b(v,p) =(f,v) (veX),
b(u,q) =0 (q€ Q).
N y,
(-F'rﬁ%ﬁ2 ~
Find (u,p) € V x Q s.t.
(10) A(u,p,v,q) =(f,v) ((v,q) € X x Q). )

(u,p) RTE 1 DfFTHIUL, ME2 DFTH L 2 LI3T D5,
—77 (u, p) DM 2 DFTH L,
@ g=0ThHsLI7% (v,q) ITDVTEZXBL a(u,v)+ b(v,p) = (f,v) B¥ErN
Qv=0TH2LI% (v,q) IKDVTEZB L b(u,q) =0 »E»N2D
DT, (u,p) 3ME 1 DIETH 5,
FreeFem++ T, M 2 D (10) O THIEADEEEL T 5, HNWL5H1H 5,

B H #i8E bt i FH i e 0 ~Navier-Stokes J7 20T 53 % H
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11.3 T Stokes HFEFD Dirichlet 5 B [ E

11.3.1 #—7% v bR & 55EAL

FFRIH B i Stokes SFEFD Dirichlet BFMEMEZ %22 X 9,

(11a) —vAu+Vp="Ff (inQ)
(11b) V-u=0 (inQ)
(11¢) u=g (inl).

BREMDLS V7N Ty =T3=0) K-> T3 I LITHERE,

B M 4 htt

10 ~Navier-Stokes F #3092 Hf)
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11.3 T Stokes HFEFD Dirichlet 5 B [ E

11.3.1 #—7% v bR & 55EAL

FFRIH B i Stokes SFEFD Dirichlet BFMEMEZ %22 X 9,

(11a) —vAu+Vp="Ff (inQ)
(11b) V-u=0 (inQ)
(11¢) u=g (inl).

BREMO T v TN (Mo=T3=0) IZ%>TWw5 T LITHRE,
AIECHAL Z2HERLE 5 IEAT 2 L, RDXH Ik D,
Find (u,p) € V x Q s.t.

(12a) a(u,v) + b(v,p) = (f,v) (veX),

(12b) b(u,q) =0 (q€Q).

7L

(13) a(u,v) := 21//Q E(u): E(v) dx, b(v,p):= —/Qva dx.

B e htt i FH L f 10 ~Navier-Stokes J 30X 9 2 4 PR
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11.3 T Stokes HFEFD Dirichlet 5 B [ E

11.3.1 #—7% v bR & 55EAL

FFRIH B i Stokes SFEFD Dirichlet BFMEMEZ %22 X 9,

(11a) —vAu+Vp="Ff (inQ)
(11b) V-u=0 (inQ)
(11¢) u=g (inl).

BREMO T v TN (Mo=T3=0) IZ%>TWw5 T LITHRE,
AIECHAL Z2HERLE 5 IEAT 2 L, RDXH Ik D,
Find (u,p) € V x Q s.t.

(12a) a(u,v) + b(v,p) = (f,v) (veX),

(12b) b(u,q) =0 (q€Q).

7L

(13) a(u,v) := 21//Q E(u): E(v) dx, b(v,p):= —/Qva dx.

BEIBERIb R D L H 12k B,
mm:{wewmf‘w=¢mr} Vi=X(g), X:=X(0),

B e htt
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11.3.2 3 9 —2O D5

§11.2 THEAELEL &£ &I

(548 1a) %+(u-V)u+Vp—y(Au+V(V-u))—f:O in Q x (0,00)

ICERBRIESZ D0 T 2 & 2 A D IR 1255,

du

ot

ORDH B I EbIES, Ll Z0EAE, (BAIC) A 2 BRAHNE -
<< 3.

(14) +(u-V)u+Vp—vAu—Ff=0 inQx(0,00)

B e htt i FH £ fiE j 10 ~Navier-Stokes J #3092 A PR2E
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11.3.2 9 —o D5

(FEH Stokes /iR D) XROEIFUEME %2 E 2 %,

(15a) —vAu+Vp=fFf (inQ),

(15b) V-u=0 (inQ),

(15¢) u=g (onTly),

(15d) —pn + 1/3—: =g (onTl,). (< HE)

E L i FH L f

10 ~Navier-Stokes J 30X 9 2 4 PR
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11.3.2 3 9 —2O D5

(FEH Stokes /iR D) XROEIFUEME %2 E 2 %,

(15a) —vAu+Vp=fFf (inQ),

(15b) V-u=0 (inQ),

(15¢) u=g (onTly),

(15d) —pn + 1/3—: =g (onTl,). (< HE)

DA, a Db

(16) = / Vu:Vvdx=v Z / Ouj ()V'

Ox; ()xj

LV ARz EZITR Y, @‘iﬁb%d\@%‘ﬁﬁﬁi)‘%%ﬂ%o
(17a) ai(u,v) + b(v,p) = (f,v) + g2, v] (veX),
(17b) b(u,q) =0 (g€ Q)

B e htt JiEs P i i 0 ~Navier-Stokes Jifxlic 9 2 i REEFRE (1)~
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11.3.2 3 9 —2O D5

(FEH Stokes /iR D) XROEIFUEME %2 E 2 %,

(15a) —vAu+Vp=fFf (inQ),
(15b) V.-u=0 (inQ),
(15¢) u=g (onTly),
(15d) —pn + 1/3—: =g (onTy). (< ¥H)
CoHEGIE, a Db DI

ou; ()v,
(16) : / Vu:Vvdx=v Z / ax; ()xj
EVINEZEZITR, ?&b%dx@%@ﬂiﬁi)‘%%ﬂ%o
(17a) a(u,v)+ b(v,p) =(f,v)+ [g,v] (veX),
(17b) b(u,q) =0 (q€Q).

COWNME a(u,v) 1Z Y TV TRI Z ) 2D, OB (15d) DY
BEWHIE->Z D L7, Dirichlet SEFHEMFDE A (T =0 DT, (15d) 138
N\) DA ay(u,v) 25, EEZ /70 E‘Nﬁ”{) L\,

B H #i8E bt i FH B i 0 ~Navier-Stokes J7 20T 53 % H
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11.3.3 XF )7 4 —¥

BRI X, 1 (2 fIA L) EsMET—ISAiIEE 2 0725, Q Dk i

g (g,1) L / gdx 30 &2 GMFEBRL A IREERZ G Z2)
Q

ZE) DIZEEL W (I TR L e\ &Nz 1 5 RDS-),

B e htt i FH L fiE 7 10 ~Navier-Stokes J #3092 A PR2E
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11.3.3 NF T 4 —ik

BERAVICIE, o (2 2f0n L) @MU TSIl 2 D725, Q D&k H I

it (g,1) < / gdx 30 &2 GMFEBRL A IREERZ G Z2)

Q
29 DREEL Vv (22 TR L 2w &7 1 RGN,

1 ODLRE LT, EEOBMHEFETIE, RFILTa—EL ) HEBILIFL
Ffibit s (FreeFem++ D~ =2 7 )L Hecht [3] D §5.6 (24 Lt H %),
M, IZBIEES ¢ (MTFOBITIE 1076 LA 10-20) 1A LT, o, p DRD
DI, ROMEDME u,, p. 29, L) bDTH 5,

Find (u.,p.) € V x L?(Q) s.t.

(182) (e, v) + b(v,p) = (Fv) (v X)
(18b) b(ue,q) =ep- (q € LZ(Q))'

~Navier-Stokes Jifxlic 9 2 i REEFRE (1)~

B e htt IWER LTS


http://nalab.mind.meiji.ac.jp/~mk/ana2021/

11.3.3 RV T7 14—k
QNXIHiC

BRI IE, Lo (2 DA L 72) b oG HiIE 2 0 7278,

g (g,1) L / gdx 30 &2 GMFEBRL A IREERZ G Z2)

Q
29 DREEL Vv (22 TR L 2w &7 1 RGN,
12D RE LT, EBEOBMEGETIE, RFITao—FEL VI HENILIFL
Ffibit s (FreeFem++ D~ =2 7 )L Hecht [3] D §5.6 (24 Lt H %),
. NS OIEER & (U TFOBITIE 1076 &5 10710) 1k LT, u, p DRD
DI, ROMEDME u,, p. 29, L) bDTH 5,
Find (u.,p.) € V x L?(Q) s.t.
(18a) a(us,v) + b(v,p:) = (f,v) (veX),
(18b) b(ue,q) =ep- (q € Lz(Q))'
OB BN AR ZR L £72RD &9 BEATHRER D 325 2 L2yl
BRTVS (C I e 12k 5 AVIEDER),
lu—ucllyq+1lp—pPellgg < Ce.

FERRICIZ, SSICHREFRER 2 T2 2 Lickh 2, JGPE a, p DREELD

b e ZHo/hE CERUR, ., pE iﬁU@#k L’Cﬁ@i;b) &:ﬁﬂﬁ"ﬂjiﬁ‘é

B H #i8E bt i FH A
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11.3.4 cavity [ Z R\ TH 5

VoM, ko SRLETY" cflibi s 2 & THEA% cavity flow DR (the
driven cavity flow problem) Z##/9 %,

Q:=(0,1) x (0,1) (IESHEE), T :=0Q,

. <8) (x=0%kliF x=1%7%E y=0)
gi(xy) = (gl(()ﬂ) (vy=1),

gi(x) :=4x(1 — x).

(EABEROERD S b, Lo ke Tz 0 (B2 8E), EoTIRATS
AT X IS 4x(1 — x) CTHALCTVR 2, )

B e htt i FH £ fiE 0 ~Navier-Stokes AT 24
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11.3.4 cavity [ Z R\ TH 5

Stokes-cavity.edp (Fi3)

// example 1

// Stokes equations : regularized cavity flow problem
// COE-tutorail 2007, Atsushi Suzuki 2007/03/08

//

mesh Th=square(20,20);

fespace Vh(Th,P1b),Qh(Th,P1);

Vh ul,u2,vl,v2;

Qh p,q;
macro diil(ul) dx(ul) //
macro d22(u2) dy (u2) //

macro di2(ui,u2) (dy(ul) + dx(u2))/2.0 //
real epsln = 1.0e-6;
solve stokes([ul,u2,p], [v1,v2,q]) =
int2d(Th) ( 2.0*(d11(ul)*d11(v1)+2.0*d12(ul,u2)*d12(vl,v2)+d22(u2)*d22(v2))
- dx(v1)*p - dy(v2)*p - dx(ul)*q - dy(u2)*q
- p*qg*epsln

+ on(1,2,4,ul=0,u2=0) + on(3,ul=x*(1-x)*4,u2=0) ;

S Hi B htd B j 10 ~Navier-Stokes /i f#5{
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11.3.4 cavity [ Z R\ TH 5

Stokes-cavity.edp (%)

real area = int2d(Th) (1.0);

real meanp = int2d(Th) (p) / area;

cout << "mean pressure = " << meanp << endl;
P = p — meanp;
plot([ul,u2],p,wait=1,value=true,coef=0.1);

j 10 ~Navier-Stokes /f#5{
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11.3.4 cavity [ Z R\ TH 5

Stokes-cavity.edp (%)

real area = int2d(Th) (1.0);

real meanp = int2d(Th) (p) / area;

cout << "mean pressure = " << meanp << endl;
P = p — meanp;
plot([ul,u2],p,wait=1,value=true,coef=0.1);

AFLTHEST

curl -0 http://nalab.mind.meiji.ac.jp/ “mk/misc/20201214/Stokes-cavity.edp;
FreeFem++ Stokes-cavity.edp

S #i B htt OB j 10 ~Navier-Stokes /f#5{
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11.3.4 cavity [ Z R\ TH 5

Stokes-cavity.edp (%)

real area = int2d(Th) (1.0);

real meanp = int2d(Th) (p) / area;

cout << "mean pressure = " << meanp << endl;
P = p — meanp;
plot([ul,u2],p,wait=1,value=true,coef=0.1);

AFLTHEST

curl -0 http://nalab.mind.meiji.ac.jp/ “mk/misc/20201214/Stokes-cavity.edp;
FreeFem++ Stokes-cavity.edp

i1 plot ([ul,u2l,p,...) & LT, FEDORYZ bUEEEHOSRERERKFICERRL T0 3,

S #i B htt OB j 10 ~Navier-Stokes /f#5{
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11.3.4 cavity [ Z R\ TH 5

Stokes-cavity.edp (%)

real area = int2d(Th) (1.0);

real meanp = int2d(Th) (p) / area;

cout << "mean pressure = " << meanp << endl;
P = p — meanp;
plot([ul,u2],p,wait=1,value=true,coef=0.1);

AFLTHEST

curl -0 http://nalab.mind.meiji.ac.jp/ “mk/misc/20201214/Stokes-cavity.edp;
FreeFem++ Stokes-cavity.edp

i1 plot ([ul,u2l,p,...) & LT, FEDORYZ bUEEEHOSRERERKFICERRL T0 3,

JEJI p lEA A 7 =8 THLDT, plot() IKHET &, FREMOKRRTE S (Poisson HRAD & &
DFREDETR & [FIfR),

e HH #i S htt ¥ i 25 10 ~Navier-Stokes J7
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11.3.4 cavity [ Z R\ TH 5

Stokes-cavity.edp (%)

real area = int2d(Th) (1.0);

real meanp = int2d(Th) (p) / area;

cout << "mean pressure = " << meanp << endl;
P = p — meanp;
plot([ul,u2],p,wait=1,value=true,coef=0.1);

AFLTHEST

curl -0 http://nalab.mind.meiji.ac.jp/ “mk/misc/20201214/Stokes-cavity.edp;
FreeFem++ Stokes-cavity.edp

i1 plot ([ul,u2l,p,...) & LT, FEDORYZ bUEEEHOSRERERKFICERRL T0 3,
JEJI p lEA A 7 =8 THLDT, plot() IKHET &, FREMOKRRTE S (Poisson HRAD & &
DFREDETR & [FIfR),

Pl u = (v, )T 1E2RIGRZ P THD, ut, u2 L TROTVE, ZN%E [ul,u2] &
LT plot() KT &, BT (KH) TERRINS, RAIODKEIZZ A (KELT3), a (h&K
9 2%) CHREITEETH % (arrow D ‘a’ £ 59),

e HH #i S htt I 10 ~Navier-Stokes /74
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11.3.4 cavity [ Z R\ TH 5

———— - _[so\lalue
7/ R 4 i
L , Eolall
4 E: b 5

B

_Vec Valu

[X| 1: Stokes-cavity.edp DFEITH;E

‘A 2o THLRHIZRE S LT olig2 R L7

B M 4 htt JEFHEE TR R 25 10 ~Navier-Stokes AU 2 H [
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(1) 025 5 ol
Poisson AR DEEIC, 9B (W) 235 24558 (V) LRAETH 2 Z L zidR7,

e HH #i S htt I 0 [@] ~Navier-Stokes FEx I3 2 £ [k
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11.3.5 B (1) BRI ITRE

Poisson TR DOEIZ, $9IER (W) 238 220 (V) LRETH 2 2 L 27,
Stokes HERADMEDL | 93 b 2MOLSHE L FEETH 2 2 EBHMENT VRS,
ZHUTOWTHAL X 9,

B M 4 htt i FH L fiE 0 ~Navier-Stokes AU 24
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11.3.5 856 (1) ¥z

Poisson TR DOEIZ, $9IER (W) 238 220 (V) LRETH 2 2 L 27,
Stokes HERADMEDL | 93 b 2MOLSHE L FEETH 2 2 EBHMENT VRS,
ZHUTOWTHAL X 9,

L(v,q) = %a(v, v) + b(v,q) — (f,v)

I SR
M (S)
Find (u,p) € V x Q s.t.
(19) L(u,q) < L(u,p) < L(v,p) ((v;q) €V x Q).

B e htt i FH L f 10 ~Navier-Stokes J 30X 9 2 4 PR
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11.3.5 B (1) BRI ITRE

Poisson TR DOEIZ, $9IER (W) 238 220 (V) LRETH 2 2 L 27,
Stokes HERADMEDL | 93 b 2MOLSHE L FEETH 2 2 EBHMENT VRS,
ZHUTOWTHAL X 9,

L(v,q) = %a(v, v) + b(v,q) — (f,v)

I SR
M (S)
Find (u,p) € V x Q s.t.
(19) L(u,q) < L(u,p) < L(v,p) ((v;q) €V x Q).

(19) &, (u,p) 2’ L DR TH S I L2ERT DT, BMRBIZTHRIRE (saddle point
problem) & MEIEI 2,

Cf. f(v,q) = v2—q? ((v,q) € R?) £F %, (u,p) = (0,0) IZMfiisi CXAEMLT (MATHS):

f(u,q) < f(u,p) < f(v,p) ((v,q) € R).

B e htt i FH L fiE i 10 ~Navier-Stokes AU 24
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11.3.5 856 (1) ¥z

Poisson TR DOEIZ, $9IER (W) 238 220 (V) LRETH 2 2 L 27,
Stokes HERADMEDL | 93 b 2MOLSHE L FEETH 2 2 EBHMENT VRS,
ZHUTOWTHAL X 9,

L(v,q) = %a(v, v) + b(v,q) — (f,v)

I SR
M (S)
Find (u,p) € V x Q s.t.
(19) L(u,q) < L(u,p) < L(v,p) ((v;q) €V x Q).

(19) &, (u,p) 2’ L DR TH S I L2ERT DT, BMRBIZTHRIRE (saddle point
problem) & MEIEI 2,

Cf. f(v,q) =v2—q? ((v,q) €R?) £ T3, (u,p) = (0,0) IFMEftHcRNZEHT (HHiThH2):
f(u,q) < f(u,p) < f(v,p) ((v,q) € R).

(u,p) PHBROBTHL L L, ME (S) DETHL I EDFAETHL ZLERTD
F, PEAEEMETH S (R LT3 T2 LEbRIDT, BEHD),

B e htt i FH L f % 10 ~Navier-Stokes J 30X 9 2 4 PR
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11.3.5 &35 (2) inf-sup &

RANRZESTRIRE (V) . BRETIZE T (S) Icow T, B —BNICEET 52 L%
AT 2 EHEMENL &9 LB TS (KPR D 204 LLEL- £ 7 Poisson /7
725 9 L. Navier-Stokes JTFEUIZRFIGI4L7Z 5 9 Hoe-0), R BUZE Sy REIC D W TR,
a WEENTH S 2 & ( ITVHV) >0) &, b A inf-sup &

b(v,q)
(20) inf sup —————— >0
a€Qvev llalle vy

il T e E R B,

B e htt

10 ~Navier-Stokes F #3092 Hf)
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11.3.5 &35 (2) inf-sup &

R/NRIZE IR (V) %o, BRBIZE S (S) 1Ic2W» T, @ —BNICIFET 52 L %
AT 2 EHEMENL &9 LB TS (KPR D 204 LLEL- £ 7 Poisson /7
725 9 L. Navier-Stokes JTFEUIZRFIGI4L7Z 5 9 Hoe-0), R BUZE Sy REIC D W TR,
2 DRERTHS 2 & (inf 22Y S 0) & b 2 infsup Rt

vev vl

(20) inf sup M >0
a€Qvev llalle vy

Wl T LML RS, S ICHBEILAMEIT) B, ROFEEPHELE LS,
@ H2 a>0NHELT, TH/hIWEED hIZx LT

a(vh, Vh)
vh€Vh |\Vh||v,§

>a (—HREREN).

@ H2 B>0DBHAELT, NI WLED h ITRLT

inf sup _b(vn Gn) > B (—H inf-sup ).

€@ v,eV, [lalla, [[vally,
D9 bk infsup &fEIE. Vi & Qy DMITDPIRT 2 2 LICTHER, FIFARELR%E
ORI L > TE, TOFEMENI-INH T EnD 5,

B e htt

10 ~Navier-Stokes F #3092 Hf)
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11.3.5 ik (2) inf-sup &t (FE )

1212 P1/PL (oMb [E 1 & K400 1 RS HTRTIERL) 12, 2 0Bk infsup 5% Wi
ST, FBEIC LI U ISR RS 5

B M 4 htt 10 ~Navier-Stokes F #3092 Hf)
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11.3.5 ik (2) inf-sup &t (FE )

Bl Z1E P1/P1 (W b 1 b X 1 REIUTIEML) 1. 2 Dk inf-sup 7% i 7z
ST, EEIC UIE U ISR e T %,

P2/P1 (WiHIE X3 2 RE WX, FEZXIHY 1 REIEA) © Plb/P1 (Fidkix X5y
2 REHX, EIFETH 1 REFAR+FIEER) 13357 L w2,

VA" AN NG

(:fespace Vh(Th,P1b) ,Qh(Th,P1); j)

ELTWBDICHEH, Qh 22T, Poisson ARHD & ¥ LAk P1 (K21 1 K%
H) EHEZ TV 55, Vh IZ2WTIE, P1 bubble (KJEBIEEER, Plb H %\ (3
P14+ &#7) ZHWwTw 3, JEIC P1 bubble, /11 P1 2 2flA4bE % MINI
BRLOLTSE (5L W),

B e htt 10 ~Navier-Stokes F #3092 Hf)
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A. TR 122D TR O@EYIEIC B 5 Hak (B 2R)

FATOBMEIC VT, O, —RIE. Mo (WiE - Si5EZz o)

— ZIBT 23R D 2D & & Z ORTEIZEY]) (well-posed) TdH 5.
k%“?)o

Navier-Stokes 7 DY 3, RIEPL AL ERITH35% 2 HELWITENRTH D |
PILOHEBFIE S5k, BERANE LTI, WA 4] 2#5ET2, 2LE
WA TRV AAY [B] bIEEA (SR ? AR HIUIATLTEC LR

ﬁ)i))o

i 55 10 ~Navier-Stokes AU 24

B e htt i FH L fiE
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A RO TR DB YINEIC B % Bk (HAAH)

FATOBMEIC VT, O, —RIE. Mo (WiE - Si5EZz o)
T2 2RO D LD £ &, Z OREIZEY]) (well-posed) TH %,
k§50

Navier-Stokes /iR DY (X, AR L TRIT 3% 2 HE LI RTH D |
PILVEBFIRRY 500, BENE LTE, WA [4] 2H#585 2, 2Lk

VLA, FTEYAAY [5] bEEA (S ? EEDHIUIATLTE LR
b)),

BUFI3zZ2I35Eh Tdh %,
JFESNCOWTIRERAE I AT Z 25 50% » (A TE Z S HIHN T,

p DME7ZE 51X, p+ C (CIEER) bETHE, L) L, FEHEME VI RE
EBOTHEEVD, ),

B e htt I B E TR R 25 10 ~Navier-Stokes AU 2 H [
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A RO TR DB YINEIC B % Bk (HAAH)

FATOBMEIC VT, O, —RIE. Mo (WiE - Si5EZz o)
T2 2RO D LD £ &, Z OREIZEY]) (well-posed) TH %,
k§50

Navier-Stokes /iR DY (X, AR L TRIT 3% 2 HE LI RTH D |
PILVEBFIRRY 500, BENE LTE, WA [4] 2H#585 2, 2Lk
WA TRV AAY [B] bIEEA (SR ? AR HIUIATLTEC LR
b)),

BUFI3zZ2I35Eh Tdh %,

FEHICOL TR ESGE R IEST = 2405 (HRATEZ 2 RN T,
p DR BIE. p+ C (CEER) bIRTHS. L) o b, FFEHE VI KE
EBOTHEED, ),

Stokes i, BB TH 305, BEYMEZIZ O LT HIE DT LK
EfFonTwsd, Hlzid, 5] o 258 Tl EwiiE, | F35
TR FR T2 2 Vi, 645 TRIBIEEHERE, 12, Stokes AR
DT DEFNELED T > T 5,

B e htt I B E TR R 25 10 ~Navier-Stokes #3092 HREHRDE (1)~
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A. TR 122D TR O@EYIEIC B 5 Hak (B 2R)

B M 4 htt i FH L fiE 10 ~Navier-Stokes AU 24
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A RO TR DB YINEIC B % Bk (HAAH)

Euler ifUd, JEIEARATH D, FIbw, HIREF & Lo HAGE
OfFEFL L LTix, WA [6] 235 %, MIRICE C DEFIRIHAET 57 £ Stokes
TR L 32 B 2 HHZ2 R,

B M 4 htt I B E TR R 25 10 ~Navier-Stokes AU 2 H [
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A. TR D TR D@ Y B % Bak (HAER])

Euler /72x1E, FEIEAEATH D, ? b, HLREF L FoLHAGE
OfFEFL L LTix, WA [6] 235 %, MIRICE C DEFIRIHAET 57 £ Stokes
IR IZ e B2 KH2RT,

Euler 7if£3X1Z. Navier Stokes I TIEAMIZ v — 0 (& R — oo) DHER
ZM-7bDTHBH., 2D, v WVNZ WA D Navier-Stokes SRR DfiE
BV RLL (2)TH D),

B e htt i B g R am 28 10 ~Navier-Stokes #3092 HREHRDE (1)~
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A RO TR DB YINEIC B % Bk (HAAH)

Euler ifUd, JEIEARATH D, FIbw, HIREF & Lo HAGE

OfFEFL L LTix, WA [6] 235 %, MIRICE C DEFIRIHAET 57 £ Stokes
AL 3 B sz rd,

Euler /7231, Navier Stokes /TN TIEAIIIZ v — 0 (& R — oo) DR
ZM-7bDTHBH., 2D, v WVNZ WA D Navier-Stokes SRR DfiE
BV RLL (2)TH D),

Naiver-Stokes FTERDEHFIEIZ D\ Tld, X Dirichlet RGO D LT
EEY AN A RVASR

o DRI (HHED E A KIS ¢ TH) EHIRSHLET 5
o MNB BT IS ERRIE—IETH 5,
o MIMHoTH, Mtk kS S, EHMIEETH %,

o NADid - T, MMV WAL, EERIIEEGEL ) 2,
- KiEMETDH 2,

B e htt IWER LTS

~Navier-Stokes Jifxlic 9 2 i REEFRE (1)~
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A RO TR DB YINEIC B % Bk (HAAH)

Euler ifUd, JEIEARATH D, FIbw, HIREF & Lo HAGE
OfFEFL L LTix, WA [6] 235 %, MIRICE C DEFIRIHAET 57 £ Stokes
AL 3 B sz rd,

Euler /7231, Navier Stokes /TN TIEAIIIZ v — 0 (& R — oo) DR
ZM-7bDTHBH., 2D, v WVNZ WA D Navier-Stokes SRR DfiE
BV RLL (2)TH D),

Naiver-Stokes R D EHFEIZ O W TIE. FX Dirichlet BRS&GD H & T
EEY AN A RVASR

o Dhlz (KilhdsEAKINS < Th) EHMETET 5
o MNBHFIUSERIRIE HTH .
o HIBH 5T hH, Milkds kS Fiug, EHiE—E<hs,
o SIIBsH 5T, RIS LBIAE . ERIREERTEEL S 3.,
o SR C D B,

Naiver-Stokes HFEXDIFEFIIEIL, FHZ 3 XILDEE., bW 3 7 L A fiff
FHDOI L7 AREICOEA SN, Ko 20l Th 3,

B e htt I B E TR R 25 10 ~Navier-Stokes #3092 HREHRDE (1)~
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2B x,y D2REENE L
ax2+2bxy+cy2—|—px+qy—|—r
DEE LT3, 2 REBEXLEROELIX 6 XILOMBAEMTH 5.

e HH #i S htt I 10 ~Navier-Stokes /74
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BEXEE B.1P2HE

M

B x,y D2RELEREIX
ax2+2bxy+cy2—|—px+qy—|—r
D% L Tw3, 2 XGHEREHROLEL L 6 RITOMIBZEMTH %,

% fAEE A A O BRI EIT 5, RO, & S LT 2 REEA LK
T2 RO 2 REAR LIS, “MAF K Lo 2 REEXEE PA(K) L£7T,

B H #i8E bt I 0 ~Navier-Stokes J7 20T 53 % H
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BEXEE B.1P2HE

M

B x,y D2RELEREIX
ax2+2bxy+cy2—|—px+qy—|—r
D% L Tw3, 2 XGHEREHROLEL L 6 RITOMIBZEMTH %,

SRS SR O BRI YHT 5, clifE, A1 2 KSHER L
T B EE KM 2 REER LIF.R, =AK K Lo 2 REEXE PY(K) L £T,

Zfa K OIERSE Py, Py, P L L, ZNZNOXELDHRE%E Py, Ps, Ps £ 3%, %
7o HBEEEZ A, Ao, A3 £ 2 (BUHID Ly, L, L3), TbDB N\ 13 1 XEHEAT,

(21) Ai(P) =90y (i,j €{1,2,3}).

B e htt I, 10 ~Navier-Stokes F #3092 Hf)
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BEXEE B.1P2HE

M

B x,y D2RELEREIX
ax2+2bxy+cy2—|—px+qy—|—r
D% L Tw3, 2 XGHEREHROLEL L 6 RITOMIBZEMTH %,

SRS SR O BRI YHT 5, clifE, A1 2 KSHER L
T2 RO 2 REBR LR, =M K Lo 2 XSHEAREE P2(K) £,

Zfa K OIERSE Py, Py, P L L, ZNZNOXELDHRE%E Py, Ps, Ps £ 3%, %
7o HBEEEZ A, Ao, A3 £ 2 (BUHID Ly, L, L3), TbDB N\ 13 1 XEHEAT,

(21) Ai(P) =90y (i,j €{1,2,3}).

(22) ¢1 = )\1(2/\1 — 1), (Z)z = )\2(2)\2 — 1), ¢3 = )\3(2A3 — 1),
Pa = 4X2A3, P5 = 4A3A1, ¢6 1= 4N

EBL, INSRTRT2RXLEATHY, XRAEWZT,
(23) #i(P) =905 (i,je{l,2,---,6}).

B e htt I, 10 ~Navier-Stokes F #3092 Hf)
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BEXEE B.1P2HE

M

B x,y D2RELEREIX
ax2+2bxy+cy2—|—px+qy—|—r
D% L Tw3, 2 XGHEREHROLEL L 6 RITOMIBZEMTH %,

SRS SR O BRI YHT 5, clifE, A1 2 KSHER L
T2 RO 2 REBR LR, =M K Lo 2 XSHEAREE P2(K) £,

Zfa K OIERSE Py, Py, P L L, ZNZNOXELDHRE%E Py, Ps, Ps £ 3%, %
7o HBEEEZ A, Ao, A3 £ 2 (BUHID Ly, L, L3), TbDB N\ 13 1 XEHEAT,

(21) Ai(P) =90y (i,j €{1,2,3}).

¢1 = )\1(2/\1 — 1), (Z)z = )\2(2)\2 — 1), ¢3 = )\3(2A3 — 1),
Pa = 4X2A3, P5 = 4A3A1, ¢6 1= 4N

EBL, INSRTRT2RXLEATHY, XRAEWZT,

(22)

{6}, & PA(K) DEIETH Y, LD v e PA(K) IFRD &) IcFESNh 3,
6
(24) v=> v(P)¢

i=1

B e htt I, 10 ~Navier-Stokes F #3092 Hf)
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B mX¥FE B2 Plb##E

(HEfiE)

EH #hiE htt I, H 10 ~Navier-Stokes #if}
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