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JOH B & BER TR DRI 3 2 AIRERILEDRHZ T %,

o ARHIBAED v & p T, 3XUCHIREL &1X, HEMEREED 4 D, 2D
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o R DB 7V - a VITEATWS,

o [E/] piZonTid, HBEREMFBUIAEM S LWV ¥ 5EZ HRE?
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B SRWV, REFSTEERILIN TS, 3 (B2 WIEWE) 32D—H%T
H%,

T/, EARDSEEMNBHEFZDOY T 2L —Y 3 Y IZOoWTIE, JlO7 7o —F gz
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6.2 553X 621 X—75 v Ml £ Dy5ERL

QIR (d=2,3) OFFEBMTH D, ZDHEHR 0Q & T, I, T3 O 3 &P
5iRB YT 5,

1a) E+(u~V)u+Vp—u(Au+V(V-U))—fzo in  x (0,00),

(

(Ib) V-.-u=0 inQx(0,00),

(Ic) wu=g1 onlyx(0,00),

(1d) o(u,p)n=g> on T, x (0,00),

(le) wu-n=0, o(u,p)n| n onl3x(0,00).

o(u,p) = —pl +2vE(u) (J5h 7> VL),

E(w) = (eu)). es(u)i= 5 (G2 + 52 )
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6.2 553X 621 X—75 v Ml £ Dy5ERL

QU RY (d=2,3) DEFEBTH D, ZDESH 0Q & T, T, T3 D 3 &
5iRB YT 5,

1a) E+(u~V)u+Vp—u(Au+V(V-U))—fzo in  x (0,00),

(

(Ib) V-u=0 inQx(0,00),

(Ic) wu=g onlyx(0,00),

(1d) o(u,p)n=g> on T, x(0,00),

(le) wu-n=0, o(u,p)n|n onl3zx(0,00).

o(u,p) = —pl +2vE(u) (J5h 7> VL),

E(w) = (eu)). es(u)i= 5 (G2 + 52 )

FEERSIE (1b) ZRRL TWBDIT, + V(V - u) ZFRL TV 2 DI, HEFSEMF
ZOFEMODTHD (BTHD D).
R OH 4 H hcuSSEET R % 12 I X9 S HMRZRTA (L) 6/20
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6.2 553X 621 X—75 v Ml £ Dy5ERL

RA#NZE R
X(¢) = {ueHl(Q)d‘u:¢on 1, u-n=0on rg},
V= X(g1)7

X = X(0),
0 {qe2(Q)](q,1) =0} (M1 =09 ie Ma=T3=0 0Dk ¥)
) Q) (M1 #£0Q D& X).

AR o(u,p)n || n 01 L ERMETEAT) B VI EMIE. Z2ICH5E
R HHNLR (HABEREM — Poisson /2R 7% 513 94 = 0 234HY),

W #h ncubHRERTRER B 12 B~ Navier-Stokes |
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6.2.1 X—7% v ML Z D5 ERL

FITHIRD HLITERD &, (1a)—~(le) DFHERMMIIRD X 5124 %,
Find (u,p) € V x Q s.t.

@) (Grov)+atu) s bvp) = (F0) + ] (veX)
(@)  bluq)=0 (g€ Q).

7272 L

(3) a(u,v) := 21//Q E(u): E(v) dx,

(4) merz—AM%vw

(5) (2. v] = / g v do.

(do \FHREEES (2 X7E7% SISHER, IEER). J5h7 > Vb o EBIEE, )
(2b) DK TH 2, MU (2a) @%Hj%ﬁﬁﬂ?%
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6.2.2 55/%3X (2a) DEH

EED veX ZHWD, (la) tNEZ LD, Q THEDT 3,

(6) (% V), ) +(Vp.v) — v (Du+ V(Y - u),v) — (F.v) = 0.
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6.2.2 553X (2a) DEH]
FEEDO veX ZED, (1a) tNEZ LD, Q THETT 5,

ot
05 1 THIZOW TR YHRET %, 3405 2 JHIZOWTIE,

(Vp,v):/ pv-ndo—(p,V-v).
o0
(ZonRiZ. HH [1] @ §3.5 ITEWTB W, ROMBEDHM [1] 12H 3, )

(6) <@ +(u-V)u, v) +(Vp,v) =v(Au+V(V-u),v)—(f,v) =0
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6.2.2 553X (2a) DEH]
FEEDO veX ZED, (1a) tNEZ LD, Q THETT 5,

(6) <% + (u-V)u, v) +(Vp,v) —v(Au+V(V-u),v)—(f,v)=0.
FEE 1 IO W TS HERE S %, 0% 2 HIZDOW T,
(Vp,v):/ pv-ndo—(p,V-v).
o9

(ZonRiZ. HH [1] @ §3.5 ITEWTB W, ROMBEDHM [1] 12H 3, )
—J7. (6) DA 3THIZOWTIE, ROBOEH T RNREFHT 2,

i 12.1 (FEDLBETO TRV, B 2O AN)
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6.2.2 55/%3X (2a) DEH
FEEDO veX ZED, (la) tNEZE D, QTHETTS

FEES 1DV TS B S 50 5 2 HIZOW T,
(Vp,v):/ pv-ndo—(p,V-v).
89

(ZonRiZ. HH [1] @ §3.5 ITEWTB W, ROMBEDHM [1] 12H 3, )
—77. (6) DA 3THIZDWTIE, ROFEOHFTER DR EFHT 2,

i 12,1 (FEDLZRTOT RV, H 2O NRN)

(7) (Au+V (V- u),v)=2 E(u)n-vdo—2 [ E(u): E(v) dx.
Q

72720 P =(p;), @ =(gj) TXHLTP:Q:= Z?jzl pigi £ %,

ZOFEHIFREILICLT, ¥ HRAThelioT (6) xEZHR 5L
(%—F(u V)u, v> (p, V- v)—|—/ pv-ndo

(2193

E(u) : (v)dx—(f v) =0.
BRI
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6.2.2 55/%3X (2a) DEH

pv-n—2vE(u)n-v=—(—pl +2vE(u))n-v=—o(u,p)n-v TH2h»5 («<EH)

) (Z—?+(U-V)u,v>f(p,v-v)f‘/;mcr(u,p)n~vda+21//QE(u):E(v)dxf(f,v)zo.

B OH  #iE hedCHBIERTR


https://m-katsurada.sakura.ne.jp/ana2026/

6.2.2 55/%3X (2a) DEH

pv-n—2vE(u)n-v=—(—pl +2vE(u))n-v=—o(u,p)n-v TH2h»5 («<EH)

) (Z—?+(U-V)u,v>f(p,v-v)f‘/;mcr(u,p)n~vda+21//QE(u):E(v)dxf(f,v)zo.

[ TE veXTHBZehE v=0 WDZIT

/ o(u,p)n-vdo=0.

B

B OH  #iE hedCHBIERTR 1 : N9 4 =i (1) 10729


https://m-katsurada.sakura.ne.jp/ana2026/

6.2.2 55/%3X (2a) DEH

pv-n—2vE(u)n-v=—(—pl +2vE(u))n-v=—o(u,p)n-v TH2h»5 («<EH)

) (Z—?+(U-V)u,v>f(p,v-v)7‘/;Qa(u,p)n~vda+21//QE(u):E(v)dxf(f,v)=0.

[ TE veXTHBZehE v=0 WDZIT

/ o(u,p)n-vdo=0.

B

I Tl o(u,p)n=g> THEHH

/a(u,p)n-vda:/gg-vda.
M2 M

B OH  #iE hedCHBIERTR 1 : N9 4 =i (1) 10729


https://m-katsurada.sakura.ne.jp/ana2026/

6.2.2 55/%3X (2a) DEH

pv-n—2vE(u)n-v=—(—pl +2vE(u))n-v=—o(u,p)n-v TH2h»5 («<EH)

) (Z—?+(U-V)u,v>f(p,v-v)7‘/;Qa(u,p)n~vda+21//QE(u):E(v)dxf(f,v)=0.

[ TE veXTHBZehE v=0 WDZIT
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I Tl o(u,p)n=g> THEHH
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M2 M
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6.2.2 55/%3X (2a) DEH

pv-n—2vE(u)n-v=—(—pl +2vE(u))n-v=—o(u,p)n-v TH2h»5 («<EH)

®) (—+(u )u,v>—(p,v-v)f/ olup)n- v do+2v | E(u): E)dx—(F.v) =0.
JoQ Q
[ TE veXTHBZehE v=0 WDZIT

/ o(u,p)n-vdo=0.
(51

I Tl o(u,p)n=g> THEHH

/a(u,p)n-vda:/gg-vda.
M2 M

Tl&. o(u,p)niE n EFATT, viZv-n=0 2T DT
/ o(u,p)n-vdo =0.
M3
W21 (8) KA L TS 5,
9) G;+Ulva)f@J%vHQV/EwaUfo/gyvdm%ﬂﬂzo
Q [

CNEBIET B Y (2a) K7 5, (FEPRAS)
K P M hedl RIERENTR R 5 2 & SN sy 10,20
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6.2.2 55/E3N (2a) DEH B4R (i 12.1 D&

freeemo= [5G (5 50) 2 (5 + 52)) =

(ERALZ)

HOH  #hE neyCHBUEMRNTRGR 8 12 [
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6.2.2 55/ (2a) DEH  BIAR (i 12.1 DFEH)
frweewan= [ 25 (504 52) 3 (5 + o))

duj Ov; Bu, 8\/J ou; dv;  Oy; 3\,1.)
T4 Z O B 2 )d L7
/ (8XJ o "o o o B o o) X (ERLE)

B OH  #hE nedCHBIERT
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6.2.2 B8R (2a

H H

72/ (8u, Av;
N Ox; Ox;
72/ (au, ov;
0x; Ox;

i B ht U HBE AT

) DELMH

e [ (12

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

ou;

8u1

ox;

8X,'
9u; dvi
Ox; Ox;
Ou; 0v;
Ox; 0x;

BIER (8 12.1 DFEERA)

1 8V,‘ +
2 \ Ox;

Ouj Ov;

ox; Bix,

Ou; dv;
Ox; Ox;

9v;
6X,‘

) ax
) ax

)

(ERALZ)

(DA =D A
i i
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6.2.2 F3f¥ (2a

1 Ouj v
742/ (8)98)9+
J
1 ou; Ov;
_ZZ/ (8x_,(9xjJr
i.Jj
1 Ou; Ov;
752;/ (BXJ 8x1+

H H

i B ht UL HBUERTRE

b

) DEH

e e [ (12

ouj 8\/J
Ox; Ox;
Ouj 0v;
Ox; Ox;
8u,— 8\/J
8XJ BX,‘

ou;
ox;

8u1
8X,'

9u; dvi
Ox; Ox;
Ou; 0v;
Ox; 0x;

) ix

PRIAAR (fie

1 8V,‘ +
2 \ Ox;

(T Zh 585

12.1 DFEAA)

22)) x
6X,‘

du;j Ovj
+ 24 l) dx  (EBL%)
8X,‘ BX,'
Ou; dv;
d A,“ = A','

AT v O E uickEd)
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6.2.2 55/E3N (2a) DEH  RIAR (i 1
frweewan= [ 25 (504 52) 3 (5 + o))

== Z/ ( (BEALZ)

Quj Ov;  Ouj Ov;  Ou; Ov; = Ou; Ov;

= — d A,“ = A','
Z/ (8x_,8xj 8xj-8x,-+8xj-8x;+6xj8xj-> x ( ; v ; i)

_1 Z/ (au, av; 8u,— 8\/]) dx

Ox;  Ox; 0x;
1 ou; Ou; A2u; A2 u;
2 IXJ: (/ (BXJ Vil o Ox; an') 7 /g"z <ij2 + 3xj<9x, ) x)

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

(ZZDHIEATENT v OMN % ulZkE3)

e B M hedlARIERET 2 & SN | 11,20
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6.2.2 B8R (2a

) DELMH

1kt (I 1

freeemo= [5G (5 50) 2 (5 + 52)) =

_72/ (8u, Ov; Bu, Ov; | Ouj dv;
B Ox; Ox;  Ox; Ox;  Ox; Ox;
_1 Z/ (au, ov; 8u; Ovj  Ou; dv;
- 0x; Ox; 8Xj Ox; Ox; 0x;

1 Ouj Ov;  Ouj Ov;
== d
22;/ (axj o T o Bx,-) X

du;
72/@9 2 (dXJ

H H

i B neyCHBIEAAT

(T Zh 585

1 BLI, ou BZUI
212;(/ (axjv,nj+axvjn,)da/S;<asz vi +
ou; 82 ui
XI>VIanU_ 72/ <

Ou;j dv;
+ 24 l) dx  (BBIL7)
8X,‘ BX,'
Ou; Bv,')
+ dx ( A = A',')

AT v O E uickEd)

) )

) dx ( ZA,'J‘ = ZAﬁ)
inj iJ

&% u;
Ox; ax; 7

A2u;
Bx Ox;

(1) BT
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6.2.2 B8R (2a

) DELMH

1kt (I 1

freeemo= [5G (5 50) 2 (5 + 52)) =

_72/ (8u, Ov; Bu, Ov; | Ouj dv;
B Ox; Ox;  Ox; Ox;  Ox; Ox;
_1 Z/ (au, ov; 8u; Ovj  Ou; dv;
- 0x; Ox; 8Xj Ox; Ox; 0x;

1 Ouj Ov;  Ouj Ov;
== d
22;/ (axj o T o Bx,-) X

du;
:Z/BQ 2 (dXJ

H H

i B neyCHBIEAAT

(T Zh 585

1 BLI, ou BZUI
212;(/ (axjv,nj+axvjn,)da/S;<asz vi +
ou; 82 ui
XI>VIanU_ 72/ <
1 & u; 1o}
= ejin; | vido — — Sovi —
LE (5oL (2 (55) 5

Ou;j dv;
+ 24 l) dx  (BBIL7)
8X,‘ BX,'
Ou; Bv,')
+ dx ( A = A',')

AT v O E uickEd)

) )

) dx ( ZA,'J‘ = ZAﬁ)
i i
ou;
<Z a)([) vj> dx

(1) BT

&% u;
Ox; ax; 7

A2u;
Bx Ox;
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6.2.2 F3f¥ (2a

) DELMH

1kt (I 1

e srar- [(3 (2
:*Z/
:,Z/

1 8”,‘ 8v,-
T2 Z/ (BXJ 0x;
15J

ou;j Ov;
0x; Ox;

(8u, Av;
Ox; Ox;

b (G
22/692 (3:
_/mz<zjj,,

H H

i B neyCHBIEAAT

4 Quidy | Oy dvi
Ox; Ox;  Ox; Ox;
8u; ov;  Ou; 0v;
8Xj Ox; Ox; 0x;
8u,— 8\/1
d
T o ax,-) x

Juj A2u;
vinj + — o vin; daf/Q 2 vi +
J
Ju; 8u;
] d - A Vi
Xl>vn, . Z/(
1
)v,—do—z/ﬂ (Z (Z
i j

1
:/BQE(u)n~vdU—E/Q(Au~v+V(V~u)-v)dx.

6UJ‘ 1 8V,‘
= +
8X,' 2 BXJ

(T Zh 585

22)) x
6X,‘

du;j Ovj
+ ”’l) dx  (EBL%)
8X,‘ BX,'
Ou; dv;
d A,“ = A','

AT v O E uickEd)

) )

) dx (DA =D A)
ij ij
gu,> vj> dx
Xi

(1) BT

&% u;
Ox; ax; 7

A2u;
Bx Ox;

?u; 1o}
8&2,) 2y <Z

(W)
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6.2.3 ERZ 1 2O HFERDIETEL

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

X£<O

HOH  #hE neyCHBUEMRNTRGR 8 12 [
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6.2.3 ERZ 1 2O HFERDIETEL

A(u, p,v,q) = a(u,v) + b(v, p) + b(u, q)
¥B<L. RO 2 DOMEIIFMETH 5,
~ I 1 (BLcES L= D) ~
Find (u,p) € V x Q s.t.

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

blu.q)=0 (q€Q).

N\ J
e fiIRE 2 \
Find (u,p) € V x Q s.t.
(10) A(u,p,v,q) =(f,v) ((v,q) € X x Q).
\_ J

e P M hedl RIERETR R 5 12 18 - X9 o HPIRZESRIA (L) | 12/20
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6.2.3 ERZ 1 2O HFERDIETEL

A(u, p,v,q) = a(u,v) + b(v, p) + b(u, q)
¥B<L. RO 2 DOMEIIFMETH 5,
~ I 1 (BLcES L= D) ~
Find (u,p) € V x Q s.t.

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

blu.q)=0 (q€Q).

N\ J
e fiIRE 2 \
Find (u,p) € V x Q s.t.
(10) A(u,p,v,q) =(f,v) ((v,q) € X x Q).
\_ J

(u, p) D 1 OETHIUL, HIE 2 ORTH 2 LiZTSH» 5.

e P M hedl RIERETR R 5 12 18 - ) X9 o B PRZSRIA (L) | 12/20
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6.2.3 ERZ 1 2O HFERDIETEL

A(u, p,v,q) = a(u,v) + b(v, p) + b(u, q)
¥B<L. RO 2 DOMEIIFMETH 5,
~ I 1 (BLcES L= D) ~
Find (u,p) € V x Q s.t.

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

blu.q)=0 (q€Q).

N\ J
e fiIRE 2 \
Find (u,p) € V x Q s.t.
(10) A(u,p,v,q) =(f,v) ((v,q) € X x Q).
\_ J

(u, p) HE 1 DT HAUS, B 2 OWTH 5 = LIZT S0 5o
—77 (u, p) D3EE 2 DFFETHAUZ,
@ g=0TH2L5% (v,q) ITOVWTERBL a(u,v)+ b(v,p) = (f,v) HEdrh
Qv=0Th3X5% (v,q) KOWTEZBL b(u,q) =0 »E»rI3
DT, (u,p) FHE 1 DRTDH 5,

e P M hedl RIERETR R 5 12 18 - ) X9 o B PRZSRIA (L) | 12/20
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6.2.3 ERZ 1 2O HFERDIETEL

A(u, p,v,q) = a(u,v) + b(v, p) + b(u, q)
¥B<L. RO 2 DOMEIIFMETH 5,
~ I 1 (BLcES L= D) ~
Find (u,p) € V x Q s.t.

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

blu.q)=0 (q€Q).

N\ J
e fiIRE 2 \
Find (u,p) € V x Q s.t.
(10) A(u,p,v,q) =(f,v) ((v,q) € X x Q).
\_ J

(u, p) HE 1 DIRTHIUL, M2 DRTHD - LIBT <P b
—77 (u, p) D3EE 2 DFFETHAUZ,
@ g=0TH2L5% (v,q) ITOVWTERBL a(u,v)+ b(v,p) = (f,v) HEdrh
Qv=0Th3X5% (v,q) KOWTEZBL b(u,q) =0 »E»rI3
DT, (u,p) FHE 1 DRTDH 5,

FreeFEM T, [ 2 @ (10 @H%Si—’;ﬂﬁ@hﬁ%?é I‘Eh%)&%m‘%
W #h B ncubHRERT R B 12 |~ Navier- (L)~ 12/29
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6.3 FEH Stokes FFEI D Dirichlet 3% FE R

6.3.1 x—7 v MEE L 55ERL
F S H L ER Stokes STRRR D Dirichlet HEFERIEZZ 2 X 5,

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

BREMFD VTN (T =T3=0) ZR>TWVW3 I LIHEE,

HOH  #hE neyCHBUEMRNTRGR 8 12 [ SN N2 S ] T 13/29


https://m-katsurada.sakura.ne.jp/ana2026/

6.3 FEH Stokes FFEI D Dirichlet 3% FE R

6.3.1 x—7 v MEE L 55ERL
F S H L ER Stokes STRRR D Dirichlet HEFERIEZZ 2 X 5,

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

BREMFD VTN (T =T3=0) ZR>TWVW3 I LIHEE,
BIETHALZ23ERMbE 25 HIGHAT 22, XD LS 1Tk 5,
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).

7=l

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

HOH  #hE neyCHBUEMRNTRGR 8 12 [ SN N2 S ] T 13/29
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6.3 ZEH Stokes TR D Dirichlet 35 5 E

6.3.1 x—7 v MEE L 55ERL
F S H L ER Stokes STRRR D Dirichlet HEFERIEZZ 2 X 5,

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

BREMFD VTN (T =T3=0) ZR>TWVW3 I LIHEE,
BIETHALZ23ERMbE 25 HIGHAT 22, XD LS 1Tk 5,
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).

7=l

(13) a(u,v) := 21//Q E(u): E(v) dx, b(v,p):= —/Qva dx.
BB S RD & 512785,

X(¢) = {w e H(Q)? ‘ w = ¢ on r}, Vi=X(g), X:=X(0),
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6.3.2 S5 —ODIHFR

§6.2 THIEATEL ¥ X1
ou

(F548 1a) E+(u-V)u+Vp—y(Au+V(V-u))—f:O in Q x (0,00)
WEBRBIE R D2 B & T A D BARD T3,
(14) %—l—(u-V)u—i—Vp—VAu—f:O in Q x (0, 00)

MDD I KD, L LZzoRaR. (HRKR) KA 2BEREMINE-T
< %,

HOH  #hE neyCHBUEMRNTREGR 8 12 [
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6.3.2 S5 —ODIHFR

(FEH Stokes T2 D) RDOESHERMEZE 2 5,

(15a) —vAu+Vp=fFf (inQ),

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

(15¢) u=g (onTly),

(15d) —pn + 1/3—5 =g (onTy). (< ¥i#H)

HOH  #hE neyCHBUEMRNTRGR 8 12 [ SN N2 S ] T 15/29
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6.3.2 » 5 —D2DIHER
(EH Stokes HIER D) ROEEFARIEZE 2 %,

(15a) —vAu+Vp=fFf (inQ),

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

(15¢) u=g (onTly),

(15d) —pn + 1/3—5 =g (onTy). (< ¥i#H)

ZoHBEIF. a Db DI

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

Ox; ()xj

EWVSNHEZEZIXRW, ?‘fotbfézﬁ(@%ﬁﬁiﬁ#?%foh%o

(17a) ai(u,v) + b(v,p) = (f,v) +[g2, v] (veX),

(17b) b(u,q) =0 (q€Q).

HOH  #hE neyCHBUEMRNTRGR 8 12 [
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6.3.2 » 5 —D2DIHER
(EH Stokes HIER D) ROEEFARIEZE 2 %,

(15a) —vAu+Vp=fFf (inQ),

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

(15¢) u=g (onTly),

(15d) —pn + 1/3—: =g (onTy). (< ¥i#H)

ZDEEEX, a Db HIT

ou; ()v,
(16) : / Vu:Vvdx=v Z / ax; ()xj
EWVWSAREZE TRV, ?‘@b%/ﬁ(@ggﬁﬁiﬁ#%foﬂ%o
(17a) ai(u,v) + b(v,p) = (f,v) + g2, v] (veX),
(17b) b(u,q) =0 (g€ Q)

:@Wﬁa@m)@y/7wfﬁé%5tﬁ\_® SR IE (15d) DY
IRERDNE o ZF D LRV, Dirichlet ST DHE (T2 =0 2D T, (15d) 138
N72WV) DA ar(u,v) ZHWS, Z%Z_%ﬁi))ﬁb\#% LZ"LZCL\

e P M hedl RIERETR R 5 12 18 - O H R 3R (1) | 15/20
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6.3.3 RF LT 4 —IE

Dirichlet SE5UERIE (M2 = M3 = 0) OFHE, BEINSIEZ. Lo (AL 2-250) @R

(LC—IEHIEE2 D72, Q DX 312 (q,1) L / qdx 230 L ES5&MERLILE
Q

BREEF 2R GEMEIR O ZER) 2055 DLW (filh TR L iy 1 X5R),

HOH  #hE neyCHBUEMRNTRGR 8 12 [
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6.3.3 RF LT 4 —IE

Dirichlet SZFUERIE (M2 = 3 = 0) OHE. BN, Lo (\NM L 2200) 2R

(LC—IEHIEE2 D72, Q DX 312 (q,1) L / qdx 230 L ES5&MERLILE
Q

BREEF 2R GEMEIR O ZER) 2055 DLW (filh TR L iy 1 X5R),

1 20T R: LT, EEOBHEEHE TIX, RFIL T —i& (penalty method) W57
ER LR UIREDNS (FreeFEM D~ =2 7)1 Hecht [2] D §5.6 I LA H % &
N, B 7koTW3 ! ),

ZHUE. v, p DRBDIT, DNEIVIEER e (LTORITIE 1078 25 1071°) 15 %,
ROMEDIE u., p- 25, LWV5HDTH %,

Find (u., p-) € V x [(Q) s.t.

(18a) a(ue,v) + b(v,p:) = (F,v) (veX),
(18b) b(u.,q) =ep. (g € L*(Q)).

K P M hedl RIERENTR R 5 2 X9 & HPMREZSR{A (1) | 16/20
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6.3.3 RF LT 4 —IE

Dirichlet SZFUERIE (M2 = 3 = 0) OHE. BN, Lo (\NM L 2200) 2R

k?#@%ﬁﬁ%@ﬁﬁ\Q@iﬁﬁ?%(mnﬁf/quﬁot%5%ﬁ%ﬁbkﬁ
Q

FREZZR 2 GBI D ZEM) 25 DI L (M2 TR L & #L 1 KA,

1 20T R: LT, EEOBHEEHE TIX, RFIL T —i& (penalty method) W57
ER LR UIREDNS (FreeFEM D~ =2 7)1 Hecht [2] D §5.6 I LA H % &
N, B 7koTW3 ! ),

ZHUE. v, p DRBDIT, DNEIVIEER e (LTORITIE 1078 25 1071°) 15 %,
ROMEDIE u., p- 25, LWV5HDTH %,

Find (u., p-) € V x [(Q) s.t.
(18a) a(ue,v) + b(v,p:) = (F,v) (veX),
(18b) b(u.,q) =ep. (g € L*(Q)).

Z ORI E RS, FRO & S BEAETHEA D 110 2 L A ST
B CTBRERN LRV E ).

lu—velly g+ llp—pellog < Ce (ClEelTXDRVIEDEL ).

e P M hedl RIERETR R 5 12 18 - ) X9 o HPRZSRIA (L) | 16/20 |
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6.3.3 RF LT 4 —IE

Dirichlet SZFUERIE (M2 = 3 = 0) OHE. BN, Lo (\NM L 2200) 2R
(T IAAIE B DI, Q@ijbiﬁ(m)iz/quﬁota5mﬁéﬁbtﬁ
FREZZR 2 GBI D ZEM) 25 DI L (M2 TR L & #L 1 KA,

1 20T R: LT, EEOBHEEHE TIX, RFIL T —i& (penalty method) W57
ERLUIEUIREDNS (FreeFEM O~ =2 7)1 Hecht [2] D §5.6 I LEAD H % B
N, Lo TWw3B 1),

ZHUE. v, p DRBDIT, DNEIVIEER e (LTORITIE 1078 25 1071°) 15 %,
ROMEDIE u., p- 25, LWV5HDTH %,

Find (u., p-) € V x [(Q) s.t.
(18a) a(ue,v) + b(v,p:) = (F,v) (veX),
(18b) b(u.,q) =ep. (g € L*(Q)).

Z ORI E RS, FRO & S BEAETHEA D 110 2 L A ST
B CTBRERN LRV E ).

lu—velly g+ llp—pellog < Ce (ClEelTXDRVIEDEL ).

FBITE, EHICHREZALZ T2 221z, MR O, p OFELDD e 2+
SN E SR, de, pe WFIEEUEY UTHEZR W tﬁﬂ HHQ%

K P M hedl RIERENTR R 5 2 ) O H R 3R{ (1) | 16/20
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6.3.4 cavity HlEZ fE VT A 5

WMAEORET, ko KL h” 1cflibhd Z & THEAR cavity flow DORIE (the
driven cavity flow problem) Z#f/ 3 %,

HOH  #hE neyCHBUEMRNTRGR 8 12 [
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6.3.4 cavity HlEZ fE VT A 5

TADHEET, ko “HLED" fibhd I & THAZ cavity flow DR (the
driven cavity flow problem) Z#f/ 3 %,

Q:=(0,1) x (0,1) (IEATEMHER), =TI :=0Q (Dirichlet fij#),

gi(x,y) = (8) (x=0FriEx=1%FkFy=0)
(gléx)) (r=1),

g1(x) := 4x(1 — x).

(EAEEROBERD 5 5, EOERO TR 0 (BREERAE), ol Tld/KFEAM
BREIGES 4x(1 — x) THRATWVS, )

HOH  #hE neyCHBUEMRNTRGR 8 12 [
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6.3.4 cavity HlEZ fE VT A 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 d12(ul,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) ;

e B M hedl RIERETR R 5 12 8 - ) ZX 9 15 (L) 18/20
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6.3.4 cavity HlEZ fE VT A 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);
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(19) L(u,q) < L(u,p) < L(v,p) ((v;q) €V x Q).
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