[ > restart;
[ > with(plots):
[ Height of the domain (y-coordinate)

> h:=1;
| h=1
[ Length of the domain (z-coordinate)

> L:=1;
L L:==1
[ >

[ Governing Equation (Laplace's Equation)
> Eql:=diff (phi(y,z) ,v$2)+diff(phi(y,z),2%2) ;

& &
Eql = (_2 o(v. Z)J + (_2 ¢y, Z)J
oy oz
[ Boundary condition at y=0

> beyl:=diff(phi(y.,.z),v):

e
beyl == 4(3.2)
il

[ Boundary condition at y=1
> bey2:=-phi(y,z);

i bey2 = —¢(y. 2)
[ Boundary condition at z=0
> bezl:=diff (phi(y,=z2),2);

3,
bezl =—d(y, z)
L 0z
[ Boundary condition at z=1
> bez2:=-phi(y,z)+1;

L bez2 =—=d(y,z)+1
[ Finite difference scheme to be used (2nd order-central difference for 2nd derivative)
> d2phidy2:=(phi[m+l,n]-2*phi[m,n]+phi[m-1,n]) /dely"2;
d2phidz2:=(phi[m,n+1]-2*phi[m,n]l+phi[m,n-1]) /delz"2;

¢m+1,n_2¢m,n+¢m71,n

d2phidy?2 =
dely2
¢m,n+1 -2 ¢m,n+ (I)m,n—l
d2phidz2 = S
delz

[ Finite difference scheme to be used (2nd order-central difference for 1st derivative)
> dphidy:=(phi[m+l,n]-phi[m-1,n])/(2*dely) ;
> dphidz:=(phi[m,n+1]-phi[m,n-1])/(2*delz) ;
1 ¢m+1,n - ¢m—1,n

dphidy ==~
Py 2 dely




dphidz ::l Pon 17 s

| 2 delz

[ 3 Point forward and backward differences for 1st derivative (to be applied at boundary conditions)

> dphidyf:=(-phi[2,n]+4*phi[1l,n]-3*phi[0,n])/(2*dely) ;
dphidyb:=(phi [Numy-1,n]-4*phi [Numy,n]+3*phi [Numy+1,n])/(2*delz) ;
dphidzf:=(-phi[m,2]+4*phi[m,1]-3*phi[m,0])/(2*delz) ;
dphidzb:=(phi[m,Numz-1]-4*phi[m,Numz]+3*phi [m,Numz+1]) / (2*delz) ;

d hd _l_¢2,n+4¢.l,n_3¢.0,n
phidyf = 2 dely
1 (I)Numy— l.n_ 4 (I)Numy,n +3 ¢Numy+ 1.n
dphidyb =
Py 2 delz
dhd _l_¢m,2+4¢.m,1_3¢m,0
phidz] = 2 delz
1 (I)m,Numz— 1 4 d)m,Numz +3 (I)m, Numz + 1
dphidzb =~
L 2 delz
| Number of interior node points in'y
> Numy:=5;
L Numy =3
[ Number of interior node points in z
> Numz:=5;
L Numz =5
[ >
[ > dely:=(h)/ (Numy+1) ;
del !
ely :=—
L 4 6
[ > delz:=(L)/ (Numz+1) ;
1
delz ===
6

[ >
| Develop finite difference equations for z boundary conditions for all y
> for j from 0 to Numy+l do

Eq[],0] :=subs (diff (phi (v, z) ,z)=dphidzf ,phi(y,z)=phi[],0],m=],bczl)

Eq[],Numz+1] :=subs (diff (phi (v, z) ,z)=dphidzb,phi (v, z)=phi[]j,Num=z+1]
, =7 ,becz2) :
od;

Eqy o ==3¢,+120, 90,
qu=6 = —¢0=6 +1
Eq o ==3¢,,+12¢, ,-9¢,,




I

Ly oi==30y2+126; 1 =94,
Eqy g7~y 6+1

Eqy o= =30;,+12¢; 1 =9,
Eqy g7~ 6+1

Bg g ==3¢,,+12¢, ,-9¢,,
Eqy g=—b46+1

Egs o= =305,+12¢5 1 =995 4
Egs g = —bs 6+ 1

Eqg o ==305,+12¢5 1 =904

Egg = —bg 6+ 1
Develop finite difference equations for y boundary conditions for all z
> for j from 0 to Numz+l do
Eq[0,]]:=subs (diff (phi (v, z) ,yv)=dphidyf,phi (y,z)=phi[0,n],n=],bcyl)

Eq[Numy+1l,j] :=subs (diff (phi (v, 2) ,y)=dphidyb,phi (y, z)=phi [Numy+1,n]
,n=7,becy2) :
od;

Eqy g ==3¢,0+12¢, o= 96,

Eqg o= —b¢ o
Eqy ==3¢,,+12¢; ;1 -9 ¢,
Eqs = ¢61
Eq, = 3¢22+12¢12 9¢0,2
Eq .= ¢62
Eq, 5= 3¢23+12¢13 9¢0,3
Eqg 5= ¢63
Eq, 4= 3¢24+12¢14 9¢0,4
Eqq .= ¢64
Eq, 5= 3¢25+12¢15 9¢0,5
Eq 5= ¢65
Eq, ¢ = 3¢26+12¢16 9¢0,6
Eqq = _¢6,6

E > #printlevel:=2;
[ >
]



[ >
| Develop finite difference equations for all interior points using the governing equation
> for j from 1 to Numy do
for k1 from 1 to Numz do
Eq[j,k1] :=subs (diff (phi(y,z) ,v$2)=d2phidy2,diff(phi(y,z),z$2)=d2ph
idz2,diff (phi(y,z) ,v)=dphidy,diff (phi (y,z),z)=dphidz,phi (v, z)=phi]
j,k11,n=kl,m=9,Eql) ;
L od;od;
[ > #printlevel:=1;
| Collect all equations into a single list
| > eds:=[seq(seq(Eq[p,d],p=0. .Numy+1l) ,g=0..Numz+1) ]:
[ Collect all variables into a single list
| > vars:=[sedq(seq(prhi[i,]j],i=0..Numz+1) ,3=0..Numy+1) ]:
[ >
| Count number of equations
> nl:=ncps(eqs) ;
L nl =49
[ >
| Convert all variables from the form phil[i.j] to YYTi]
| > vars2:=[seqg(vars[i]=YY[i] (t) ,i=1..nl)]:
| Perturbation parameter to be used
| > mu:=le-3:
[ Substitute new variables into the equations
| > Egs:=subs(vars2,eqs):
[ Eqs2 is the standard false transient formulation
| > Egs2:=seq(diff(YY[i] (t) ,t)=Egs[i],i=1. .nl):
| Egs3 is the perturbation approach described in the paper
| > Egs3:=seq(mu*diff (Egs([i],t)=-Eqgs[i],i=1..nl):
[ >
[ This is an initial guess for all values of phi to be used in the IVP solver
| > ies2:=seq(YY[i] (0)=1,i=1..nl1):
| Solver the standard false transient formulation with Maple's dsolve
> temp:=time[real] () :sol2a:=dsolve({Egs2,ics2}, type=numeric,implicit
=true) :time[real] () -temp;

0.343

[ Solver the perturbation formulation with Maple's dsolve
> temp:=time[real] () :sol3a:=dsolve({Egs3,ics2}, type=numeric,implicit
=true) :time[real] () -temp;

L 0.343

[ >

[ >

[ Plot the convergence of the standard false transient (red) and the perturbation approach (green). YY[1]
is phi at y=0, z=0




> tll:=time[real] () :p2:=odeplot(solZ2a, [t,¥Y¥[1](t)],0..10) :tl1l1-time[r
eal] ()
tll:=time[real] () :p3:=cdeplot(sol3a,[t,¥Y[1](Et)],0..10,color=green

):tll-timel[reall () ;

display(p2,p3);

-1.030
-80.216
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| Calculate converged value from false transient approach (-Value at pseudo time=50)
| > s2:=s0l12a(50):
[ Calculate converged value from perturbation approach (value at pseudo time=10)
| > 83:=s8013a(10):
[ >
[ >
[ Convert the solution (from s3, as a list), as an array
> for p from 0 to Numy+l do
> for g from 0 to Numz+l do
rhi3[p,q] :=subs (vars2,s3,phi[p,ql) ;
yt:=p/ (Numy+1) ;




zt:=q/ (Numz+1) ;
od;
od:
>
[ >
[ >
[ Plot the solution as found from the perturbation approach
> sol3:=matrix([seq([seq(phi3[p,q],p=0. .Numy+1l)],g=0. .Numz+1)]) :
> matrixplot (scol3, axes=boxed) ;

sol3

column row




