SO BB TR R 565 12 (0]

~Navier-Stokes /FREFIT N 3§ 2 HIREZRIE (1) EH Stokes SRR~

MPOLEE FEL

HEF phsE
https://m-katsurada.sakura.ne.jp/ana2026/
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O ~HOMHNE

@ Navier-Stokes U0 3 2 AR EZR L
o XL ®IZ
o 55X
e x—7 vy MulE L ZD55ERL
@ 55 (2a) OEMH
0 A% 1 2O HBERDOETEHEL (2 THHEAEM)
o & Stokes 7TFEIND Dirichlet 57 S RE
e Z—% v MMEEY 35 ERL
0 b5 —oDFHEA
@ RFNT 4 —Jk
@ cavity B ZfRNT A2
0 Bt (HaBIZ R Y inf-sup &)

HOH  #hE neyCHBUEMRNTRGR 8 12 [
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A H OMENE

Poisson I T 2 HREREZH > TW\Wb &, hx REEILH
DN, ZRTRBEEHRVEED D 5,

o [EIH{HME
ZHZHEV 1 RGERITIwE SN2 D TR,

o IROIRFHFIE 72 & 4 BRI T /TR
o JitAJIZ£DHE

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

o ARHIBAED v & p T, 3XUCHIREL &1X, HEMEREED 4 D, 2D
7= EN R > TV 5,

o R DB 7V - a VITEATWS,

o [E/] piZonTid, HBEREMFBUIAEM S LWV ¥ 5EZ HRE?

o a7 u T ADHEI - TWBE 2, B INTRVONE ZIHD
LY. BhRIEHELW,

@ Reynolds BB KZwWe ., MAKRE SR < Zﬁoﬁ 19 T%

B OH #hsE htUbHEUERBNTRGR 2 12 =
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ARHODHERANE (B )

Q BAHIHE Y LT, Green DA, HHFITDORT M AAEBIEBIRIRMSRE L 72 5,
BIER FEA [1] T_27 D AEBBUR Green DA, ¥OFED — AN ZED D12
—1 D8 (A DHNENIDRATA FEROHE 12.1 TH 3, )

@ Navier-Stokes FIERDEREZRES I 21— 3 > D7D, FHHEROEHIZOWT
BT 2, Hii4 ENZE U7z 3BHOBEREHF DI RTE T ADINA T4 b,

@ T IEH Stokes HHERD Dirichlet FEFEME 2 GIRERILEDOMRE S 2T 5,

Q@ 2 CEHHLAZDEIZES BEXRDENT
Q@ HEWENLT B ENIC %ﬁﬁﬁ;mt&)\

Q- {q € 12(Q) ‘ / a(x)dx — o} P S B 2 AT B OHiE

Q
FORLHHTH2H, BUEAE LI W, 2Ok, RFILT1—ik
(penalty method) Z W2 7077 apfHEN D, ZREMHNT 5,
@ I (FEH Stokes J7HEIND Dirichlet 5 Fﬂ%ﬁ?ﬁlﬁﬁﬁﬁzgﬁFﬁEﬁf
HdZ eI 5, AREFELITHE S HEIT, —F inf-sup &
HFrWSbDOPEBEL LD, FRUIRIMCEREREMEEIRT 2 &
-2 e hd s (FZIE PL/PL)., 2D Z 28N %,

Navier-Stokes HTFER DBYIMEIXTERICIIBERINTVR VL, 5 DIIHEMTDH 5,
8% TA. EYIMICBE 3 2 Fi# 220 TEL

BEOE 9 et e R S 12 [ ) X9 4 R2Ze3R iz (L) - 4720
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section:Ŭ����
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6 Navier-Stokes 77 F2TITXT§ 5 B IR ERIE

6.1 lZL DI

BHiE : Navier-Stokes HFIERDERERES I 2L — a VOKENLFHIA

Navier-Stokes HTRRZ A RBEHRILETHL 20D, HB3FERILERBNT 5, IBHER
SMERM D MRS EADISHEE 2T, MEEIC V(V - u) 2HLEHERD 5535
RE2EHT 2, ZhDME—DFHERLE WS DI TlEiw, BlZ1E Dirichlet 35 E
DA, MosERLEH> v TES (BRI 3),

TN TTERDIERIL 72 51, (HR) 39BN 5. b LERRHER 513,
IEE RN % % < 72 9D1Z Newton IER E 2 KT 2 0B D %,

IFEFMEDBE R, I TEAZE OZBET 5 2t BHIK DM, &V Reynolds
BOGEWZEIOMENET 2, ZRAOILEITIETH BELAEHRETDH 5,

—FHEARN 72 H Stokes ATRER 2 &322 55 2. Poisson R DGE D/
BUZ R L G R 2 8 A T OXEL T 28T, Z0#HS —H, 22D
BREHZIET, KoM 1 RXZHEK PL TIES £LETF. P2/PL % Plb/PL & L7 T
B SRWV, REFSTEERILIN TS, 3 (B2 WIEWE) 32D—H%T
H%,

T/, EARDSEEMNBHEFZDOY T 2L —Y 3 Y IZOoWTIE, JlO7 7o —F gz
KB, EIHANATYUIDEZS (giveup $3) bOPEZFIRHSRW,

e P M hedl RIERETR R 5 12 18 - ) X9 o HPRZSRIA (L) . 5/20
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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=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 )

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
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

B OH #h S ht U HEUERRTE
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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 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, 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 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 » 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 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
ERLUIEUIXEDNS (FreeFEM O~ =2 7)1 Hecht [3] 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

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);

AFLTEFT

curl -0 https://m-katsurada.sakura.ne.jp/program/fem/Stokes-cavity.edp
FreeFem++ Stokes-cavity.edp

1% plot ([ul,u2l,p,...) ¥ LT, FEORY MG FEHOSEEREFAKICFERL TV,

S plEAH T —HTHBDT, plot() IKET L. FEMHPFRTES (Poisson HIERD L &
DIFDIIR L [FIRE),

Tl u = (u, )T W2 KITARZ PABTH Y, ul, w2 2 LTRDTWE, THE [ut,u2] &
LT plot() T L. AT (KH) TRRINZ, REHOKEZE A (KELT3), a (hal
3 %) CHERETH 2 (arrow D ‘a’ 725 5),

H O #hH neutAEERRT ’ ) N9 4 Z i (1) 0 19/29
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6.3.4 cavity HlEZ fE VT A 5

ml211pa
EAve

1

1: Stokes-cavity.edp DFEITHER

‘AN o THYLRAIZREL LT HEBEREFEL

HOH  #hE neyCHBUEMRNTREGR 8 12 [
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6.3.5 Bk (1) BRAIZ HE

Poisson AR DERIC, 9B (W) 235 2 Z 7 (V) LRETH 2 Z & 217,
Stokes HEEROMED . FERIH2HOENMELAETH 2 e PHILNTWS, Z
AUTDWTHEAL &5,

L(v,q) = %a(v, v) + b(v,q) — (f,v)

ZjS <O
i’ (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) »° L DR TH 2 It 2EKT 2 DT, BRABEIRIE (saddle point
problem) & IX %,

Cf. f(v,q) =v2—q? ((v,q) € R?) ¥ T3, (u,p) = (0,0) IIMEEMATXNEHT (BiTH3):

f(u,q) < f(u,p) < f(v,p) ((v,q) € R).

(u,p) PEHROMTHZ L L. [E (S) OMTH2 - L AFAETHZ 2 L BRTD
3. FEHEMETSS (LT E DT HLRDREOT, :O@Jab)

K M # R neubRAUERRNTRGR 4 12 [ ) X9 o HPIRZESRIA (L) | 21/20
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6.3.5 37 (2) inf-sup 5

RNRZE R (V) . BRMA T (S) 20w T, BA—RINFEET 22 %
TRAES 2 EHEEZMNAL LS e EZ TV (K2R D 2200 LD - %3 Poisson /712

K725 5 L. Navier-Stokes HRERIIFHTINIZ S 5 22--), R BIZE D IO W TR,
2 HBRENTH S 2 ¥ (inf 1LY

vev vll},
0 inf sup 2049
a€Qvev llalle vy

T e D, S OICAMRERELZITIHEIIE. ROFKMVPRLEL 25,
@ H3 a>0MNFELT, TH/NIWEED h T LT

>0) &, b A inf-sup 5

>0

a(vh, va)
Vi [[vallya

> o (—HEEREN).

@ H3 L>0BFHELT. TH/NIWEED h iZxfLT

inf  sup _b(vh an)
€ v,ev, [lalla, [lvally,

> B (—#F inf-sup %fF).

ZD 5B infsup & Vi & Qp OHADBEFRT 2 2 2 ICHER, FRIFAREHRZ
MOBEDTTICE -2 TR, ZOERMADVHT SN DD 2,
B OH  #iE nedCHBIERNTRGR 5 F XY

~Navier-Stokes T\ (=X 9

(1) B
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6.3.5 B3k (2) inf-sup S&fF (FiX)

BIZE P1/PL (Fi D ES S Ky 1 RZEAXTIEMR) 12, D4k inf-sup 127z
SN, EBIC LI LIZBUER B0 HHES 5,

P2/P1 (TR EX7H 2 REEKX, EHNER D 1 XZHK) S Plb/P1 (FEIZX 7y
2 REEX, EINEXTH 1 RZER+SUIEE) 13- L Tn 2,

7n 7 LT

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

LTWBEDIEH, Qh iI22WTIX, Poisson HERD & & ¥ FEMIC PL (K21 1 X
ZIER) BEEHOV TV B, Vh IZDW T, P1 bubble (KIEBISER, Plb 3 Wi
Pl+ ¥ R7¥) ZHVWTWAS, Hu#IZ P1 bubble, FTENIZ P1 ZHW2iHAEHE% MINI
BHEYHILR (5L,

THIN L 72 Stokes-cavity.edp 3 KLKRZEH (7R85 5 ? HEOE RO W ?),
FreeFEM ECAiYID exmaples/examples @ NIZ® % stokes.edp &, P1/P1 235t
2L <7 % (https://m-katsurada.sakura.ne.jp/labo/text/welcome-to-freefem/
node10.html),

K M # R neubRAUERRNTRGR 4 12 [ ) X9 o HPIRZSRIA (L) | 23/20
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A. TR F D TR OIS B S 2 Bak (HAH)

EZTVBRHBEICOWT, ROMFE,. —BME. Mo (FIIHE - HFYER E0)
7 — KB D D o b E. 2 OREIZEY] (well-posed) TH 5, &

= =
& Do

Navier-Stokes R OMYIMEE, AR5 2 BELHIENRTH D,
BE LWHREE RN 5750, BWEAY LTI, WA [4] 2HET 5, DLk
WS, FUXYRHY [5] bEEA (SHN? AN HMEAFLTE S £ B
b)),

I3z Th 5,
ENCOWTREBCERIEHTZ 2560320 (TR TE X SHEHN T,

p DERBIE, p+ C (CIIER) dMRTH S, WSk, EEMEVIRER
BUTHEEVH, )o

Stokes STFERIZ. MEHTERTH 256, BYIHFICOWTHIEDIT FER
BELNTWS, Bz, [5] DHF 2 E R L XN ERHRE |, 5 3% Rk
NFWRT Vo v oLim) |, 5645 TRIEIEEFERIE] 12, Stokes STRERITOWT
DEERNEENE > T\ B,

KE H o houb AR 8 12 [ ) X9 o HBPMREXRIA (L) 24720
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A. TA 22D TTRER O YIEICE 3§ 2 Bk (H M)

Euler i E, JERIE AR TH D, FITbWw, H2BEIL o 2HAGE
DOffEEi e LT, FA [6] 23D %, HRICZ < DEFMBBFET 57, Stokes
FER e idE B HHE RS,

Euler i#231d. Navier Stokes TR THEAMIZ v — 0 (& R. — co) DR
ZWo72bDTHB05, ZOMRIE, v VNS WEE D Navier-Stokes 772 DfiE
LiEDH D BR B (25 ThD),

Naiver-Stokes /TN D EH REIC DWW T, [FXX Dirichlet BARELHD S & T
. DURH D 37D,

o DRUT (RMEN L ARIT/NEI L TD) EHMIFET S

o AN ITINXEHBIEI—ETH 5,

o NNHHoTH, MM+ REFL, EFMRI—ETH S,

o NNHH - T, KiMEANIWEEIE, EFBIIEBIFEL S %,
- AEEMET D 5,

Naiver-Stokes FTERDIEEHME L. FHIZ 3 XILDHE. WhWw b 7 L A f
THID I L =7 ABEICHEINZ, TOKOEOHRTH 5,
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B B REZE B.1P2EZH

2ER x, y D2RXZBHEA X
ax2+2bxy+cy2—|—px+qy—|—r
DEZELTW5S, 2 RZALRKOEEZ 6 ZITOMEAMTDH %,

A =AY OERCHEIT 5, 2R THEE, £=AF LT 2 XZHA L
T 5B E XS 2 REER PR, =M K Lo 2 REEX2HE PA(K) KT,

=M K OTEEE Py, P, P3 2L, ThZNOXHLDOFEE Py, Ps, Ps £ 3%, %
7= Eﬁé@ﬁjﬁ% AL, A2, A3 b 3} (b{ﬁﬁ@ Ly, Lo, L3)o Thbb YR > ﬁ%lﬁ\ﬁ‘f\

(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

B INHRINT2RXZBEATH D, X2 T,

{6101 13 P2(K) ORETH D, [FED v € PA(K) 3XRD XS IcRKEN 3,
6
(24) v=> v(P)¢:
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