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0216 WOUOOOoooooo

e w-triangulation.edp

int n=5;

border Gamma7(t = 1) {x =-t; y=-2%xt + 2;}
1) {x = -t+1; y = 2%t;}
border Gamma9(t = 1) {x = t-1; y = 2xt-2;}

border GammalO(t = 0, 1) {x = t; y = -2%t;}

-

border Gamma8(t =

-

border Gammal(t = 0, 1) {x = -t -3; y = 4;}
border Gamma2(t = 0, 1) {x = -t +4; y = 4;}
border Gamma3(t = 0, 1) {x = 3%t -4; y = -6t + 4;}
border Gamma4(t = 0, 1) {x = 3%t +1; y = 6%t - 2;}
border Gammab5(t = 0, 1) {x = -2%t -1; y = 4x*t;}
border Gamma6(t = 0, 1) {x = -2%t +3; y = -4t + 4;}
0
0
0

-

mesh Th = buildmesh(Gammal(n)+Gamma2 (n)+Gamma3 (6*n)+Gammas (6%*n)
+Gammab (4*n) +Gamma6 (4*n) +Gamma7 (2*n) +Gamma8 (2*n)
+Gamma9 (2*n)+Gammal0(2%*n)) ;

plot(Th, wait=true, ps="w-triangulation.eps");

savemesh(Th, "w-triangulation.msh");
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234 00OOLOOOOOOOOO

0216000000 ThOODOOUOOsavemesh OO UUO OO w-triangulation.msh U 0O [
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2.3.5 Poisson0 00 (Laplaced 0 0)

021550WHO00 QOO00D00DO Laplace00000ODO0OOOOOODOODODO

—Au 0 in
v = 1 only,
(P) U 0 on I,
0
A~ 0 onl,L,OOODODO.
on
gdoood

Find u € V(g) such that
(1D / (a“ O a“a“) dedy =0 YveV.
0

dxdx  dy dy
oooao
Vig) = {weHl(Q)\w:gonFlufg},
1 OHFl,
2.50 =
(2:50) g {0 on Ty,
Vo= {veH'(Q)|v=00onTUl}.

goodb 23300000000 b00oubbbbotdbilw-laplace.edpU0 00040 un
godogboggubuogbgoouoogboibiUn=10000000
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- w—laplace.edp ~

int n=10;

border Gammal(t =

-

1) {x=-t -3; y=4;}

1) {x = -t +4; y = 4;}

1) {x = 3%t -4; y = -6%t + 4;}
1) {x = 3%t +1; y = 6%t - 2;}
1) {x = 2%t -1; y = 4*t;}

1) {x = -2%t +3; y = -4*t + 4;}
1) {x =-t; y=-2%xt + 2;}

1) {x = -t+1; y = 2xt;}

border Gamma9(t = 1) {x = t-1; y = 2%t-2;}

border GammalO(t = 0, 1) {x = t; y = -2%t;}

border Gamma2(t =

-

border Gamma3(t =

-

border Gammad(t =

-

border Gammab(t =

border Gamma6(t =

-

border Gamma7(t =

-

border Gamma8(t =

-

O O O O O O O o ©o

-

mesh Th = buildmesh(Gammal(n)+Gamma2(n)+Gamma3 (6*n)+Gammas (6%*n)
+Gammab (4*n) +Gamma6 (4*n)+Gamma7 (2*n) +Gamma8 (2*n)

+Gamma9 (2*n)+Gammal10 (2*n) ) ;

fespace Vh(Th, P1);
Vh u, v;

solve laplace(u, v) = int2d(Th) (dx(u)*dx(v) + dy(u)*dy(v))
+ on(Gammal, u=1) + on(Gamma2, u=0);

plot(u, wait=true, value=true, fill=true, ps="w-laplace.eps");

23.6 UO0OOOOO

OOooOoQioobobobooboooobobbooboooooooog

( %(% t)— Au(x, t) = f(x,t) inQx(0,T],
(P) Ju(@t) = g@t) onlpx(0.7)
(@ 1) = 0 on I'y x (0, 77,
\ U(CL', O) = uo(a:) in €.

oooooboQooooQUuUuonooboIp,oI'ybobobooobooOo
googdgog

Find u : [0, T] — H'(Q) such that

(1) %(“(t)’ v) +afu(t), v) = (f(t),v) YveV,
u(t) = g(t) on I'p,
u(0) = u° in Q.
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U 2.17: w-laplace.edpJ 00O OO

gogn
(u(t), v) = /Q w(x, Do) da,
a(u(t), v) = QVU(:B, t) - Vo(z) de,
Vo= {veH'(Q)|v=00onTp}.
gooooon

00 QO000000000000000qY¢?...,.¢q"0000000000000000000
00000000000000000000

eq',.. .. ¢N0QOIOOOO
o gNotl . gNtNeOTy00000
o gVt .. ¢Vt OT,0000

O0OOON =N+ NOOON=N+N, 000000000
00 ¢'00D00000000 ,000000000¢;00¢i(¢?)=06;; (1<4,j<N)0D0O00O
ob1gbooboobobogobobbobbobbom

Vi = span{p;|1 <i < N'},
Wi = span{p;[1 <i < N}
oooooeo

Vi ={von e Wi|vp,=00onTp} 0000000000000
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0000000 (ooo0O0000o00oooOooooog

Find wy, : [0, T] — W), such that

(T1) %Wh(’f%“h)M(uh(t%vh) = (f(t), v) Ve €V,
up(t) = gn(t) on I'p,
up(0) = uj in €

0000g, 000 «000000¢000 «°000000000000
000000000 (II,) 0000 g,0

N’'+Np

gz t)= > g(d, t)e;(x)

j=N'+1

0000000000000 (I1,) 00 u, O

up(zx, t) = ch(t)%'(w) + > 9(d, ty;(x)

000000000¢() (1<j<N)000000D000000 (IL,)00000(IL,)0000 v,
0¢ (1<i<N)ODDODODOO(II,)0000000000

; lb de (t) +@ijcj(t):| = fl(t) o Zl |:bm%(q]7 t) + aijg(qj, t) (1 S i S N/)

J=N'+1
good
&Z] = a(@]? (101) (1 SZ:] SN)a
bij (¢, wi) (1 <4, <N),
fit) = (f(t), i) (1<i<N)
good
agoodn
A = (ag)i<ij<nr,
B = (bij)i<i j<nr,
N'+Ny ag
ft) = (fi(t) - Z {bijg(q]a t) + aijg(q’, t)D :
]:N,+1 1§Z§N’
c(t) = (Ci(t>)1gz’§N/

ooo0oo(,)0ooooocoooo

Find ¢: [0, T] — R such that

(59 B +Ac) = f0)
c(0) =
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u@) = > Spi@)+ Y. g(d, 0)pi(=)
j=1 j=N'+1
0 0
c = (Ci)1§z‘§N/
gogo
gooooon

0000 d/dt000000000000000 Ewee0000000000000000000
00070000t :=n7 (n=0,1,2...)00000000¢(t,) ~c", f*:= f(t,)000000
00(s,)00000000000000

For each n=1,2 ..., find ¢ € RV such that
(Sl:) B (cn+1 _ cn) n Acn+1 _ fn+1'

-
00 (Sp)oooon

(2.51) (B+7A)c™™ = Be" + 7!
ooooog

0000000(,)0000000000000u,(t,) ~u«!00000000(1,)000000
00000000

[ For each n = 1,2 ..., find up € W), such that
urtt —
(%h: Uh) +alup™, vn) = (f(tnsr), va) Yon € Vi,

UZJrl = gh(th) on FD,

up(0) = uj in Q

(IT7)

\

00 ()00000

ou™ 1t v ou™tt ov
ntly dad h T h h _Zh dd—/’ldd / t dxd
= 0 Vu,eV,

UbOO00OFreeFEM++00000000000000O

OO0 (P)ODODOO0OQOO2150W0O00000T,00 2150 HZul,OOOI'yOOOOOO
0000f=0000¢0 23500 (250)000«°=000000000 (II)000000000
U000 w-heat.edpUU0 0O ogooon

b 212 J000dogoooogooooognod

Find [ CC ] : [0, T] — RY such that
B O |d| et A O c(t) | @)
(54) O O %[cp(t)]—i_ O I cot) | | gt) |’
c(0) _ c°
cp(0) g(0)
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gobgooaog

g(t) = (g(qj, t))N/+1§j§N/+N

00000000000 NxNOOOOOOOODrichletOOOODODOOOOO0OOO(2.51)0

B+1A O | | B O c" frrt
o ||| T ool | g
0000000 OdOgh:=g(t,) 0000
e w-heat.edp ~
int n=10;
real T = 40, tau = 0.1;
border Gammal(t = 0, 1) {x = -t -3; y = 4,1}
border Gamma2(t = 0, 1) {x = -t +4; y = 4;}
border Gamma3(t = 0, 1) {x = 3%t -4; y = -6t + 4;}
border Gamma4(t = 0, 1) {x = 3%t +1; y = 6%t - 2;}
border Gammab5(t = 0, 1) {x = -2%t -1; y = 4x*t;}
border Gamma6(t = 0, 1) {x = -2xt +3; y = -4t + 4;}
border Gamma7(t = 0, 1) {x = -t; y = -2%t + 2;}
border Gamma8(t = 0, 1) {x = -t+l; y = 2*t;}
border Gamma9(t = 0, 1) {x = t-1; y = 2*t-2;}

fespace Vh(Th, P1);
Vh u=0, v, uold;

problem heat(u, v)

for(real t=0; t<T;
uold = u;

heat;

plot(u, fill=true);
}

border GammalO(t = 0, 1) {x = t; y = -2%t;}

mesh Th = buildmesh(Gammal(n)+Gamma2 (n)+Gamma3 (6*n)+Gammas (6%*n)
+Gammab (4*n) +Gamma6 (4*n) +Gamma7 (2*n) +Gamma8 (2*n)

+Gamma9 (2*n)+Gammal0 (2*n) ) ;

+

t+=tau){

int2d(Th) (uxv + taux(dx(u)*dx(v) + dy(u)*dy(v)))
int2d (Th) (uoldx*v)
on(Gammal, u=1) + on(Gamma2, u=0);
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2.3.7 Stokes OO

0000 QCR*O00000 StokesOO D0 000O00O0OOOO

—Au+ Vp f inQ,
divu = 0 in{,
(P) u(x,t) = g onlp,
ou
— —pn =t only.
on

000000 Q0008000000 ,0 yOO0O00O0000n:=(n,n)0000000
00000000000 (P)O0000 f:=(fi, f),000000¢g:=(q, ), 000000000
0000 ¢:=(t,t)0 0000000000 uw:=(u,uw) 000 p0 000000000
ooooo0

Find {u, p} € V(g) x @ such that

I /Vu:Vvda:—/pdivvda: = /f~vda:+/ t-vdl'y YveV,
( ) QO Q Q I'n

/qdivuda: =0 Vq € Q.
Q

2
Vu: Vv = ZVui -V,
i=1

Vig) = {we [Hl(Q)}2 |w =g on FD},

Vo= {ve[Hl(Q)]Q\v:()onrD},

Q — {qeLQ(Q)\/ﬂqdw:O}.

OO0 Q002180 00000000WOHOOOOO0ODOOOOO 2180000000000 DODO
Olyv:=0, 00 ', 0000000000O00O0DO0OO00O0OO f=o0,t=o0,

@%@—@@—wm)<m 000000000 00000000
g:
0 on [p00O00D0O0

godg
oooo({d)ooooooO0O000oO0ooooO0oOOoOooooooooo

6u1 (91)1 8u1 (91)1 8u2 602 8u2 (91)2
gheh (o, o | P20 jud
/Q((?x(?x—i_(?y 8y+8x8x+8y8y) vy

3?)1 (91}2 @ul auQ
/g}p(a$+ay) Zﬁy‘f‘/ﬂ(](ax‘f‘ay) xay 0 V(U17U2,Q)€VXQ
FreeFEM++000000000000

OO0 2.13 StokesD OO OOOOOOOOOVO QUUUOOOODOODO V0@, 000000
googouobgbgggggo

Stokes 0000 0000000000000 ODODOOODOOOOOODOOO
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-2

0218 00o0dowdooooooon

o VhIPZ,thpl
x  Vu:P1, Qu:P1
gobooobDOooobooobooboboboboOOInt-Supd 000 OO38 > 0 such that VA

fQ qn div (A dx

inf sup
e\ vyevi\oy  [[Unllviianlle

ooooOp0 A000000D0DO0ODO

00 2.14 FreeFEM++40 w-stokes.edpUU U OQhO O qO O

/qudy =0
Q

gogbboooboboooobobbboobuobobuoodb iggbboobuoobooo 10D
gbogobbbobudbodddselver=s=LU000O00O0O00O0ODOO
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- w-stokes.edp

int n=5;
real a=10;
func ud = -a*0.25%(y-4)*(y-5);

border Gammal(t = 0, 1) {x = -1.5%xt -3.5; y = 5;}
border Gamma2(t = 0, 1) {x = -t +4; y = 4;}

border Gamma3(t = 0, 1) {x = 3%t -4; y = -6t + 4;}
border Gamma4(t = 0, 1) {x = 3%t +1; y = 6%t - 2;}
border Gamma5(t = 0, 1) {x = -2.5xt -1; y = b*t;}
border Gamma6(t = 0, 1) {x = -2xt +3; y = -4xt + 4;}
border Gamma7(t = 0, 1) {x = -t; y = -2%t + 2;}
border Gamma8(t = 0, 1) {x = -t+1; y = 2*t;}

border Gamma9(t = 0, 1) {x = t-1; y = 2*t-2;}
border GammalO(t = 0, 1) {x = t; y = -2%t;}

border Gammall(t = 0, 1) {x = -5; y = -t+5;}

border Gammal2(t = 0, 1) {x = t-5; y = 4;}

mesh Th = buildmesh(Gammal(1l.5%n)+Gamma?2(n)+Gamma3 (6*n)+Gamma4 (6*n)
+Gammab (5*n) +Gamma6 (4*n) +Gamma7 (2*n) +Gamma8 (2*n)
+Gamma9 (2*n)+Gamma10 (2*n)+Gammall (n) +Gammal2(n)) ;

fespace Vh(Th,P2); Vh ul,u2,vl,v2;
fespace Qh(Th,P1); Qh p,q;

solve stokes([ul,u2,p], [vl,v2,q],s0lver=UMFPACK) =
int2d(Th) (dx(ul) *dx (v1)+dy (ul) *dy (v1) + dx(u2)*dx(v2)+ dy(u2)*dy(v2)
- px(dx(v1)+dy(v2)) + gx(dx(ul)+dy(u2)))
+ on(1,3,4,5,6,7,8,9,10,12,u1=0,u2=0) + on(11,ul=ud,u2=0);

plot([ul,u2],p,wait=1,ps="w-stokes.eps");
//plot(Th, wait=true, ps="w-stokes-Th.eps");
//savemesh(Th, "w-stokes-Th.msh");
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0 2.19: w-stokes.edp U U OO
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