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Aula passada

Diferencgas finitas

» Diferencas avancadas: (
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As diferencas centradas dao uma aproximacao mais exacta

A aproximacao é melhor quando Ax ->0
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i —V(uh), vh é o fluxo de h

Esta forma é usavel em duas condicdes:

e u,Vv=constante (adveccao linear)
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_ o (fluido incompressivel)
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Adveccao 2D

import matplotlib.pyplot as plt

import numpy as np

from mpl_toolkits.mplot3d import Axes3D
from matplotlib import cm

plt.rcParams['figure.figsize']l = 10, 6

nt=2000; nx=101; ny=101

passo=10,;

dx=1000.; dy=1000.;
X = np.arange(0, nx)*dx

y

np.arange(0,ny)xdy

xmin=min(x); xmax=max(x)
ymin=min(y); ymax=max(y)

xx=np.zeros([nx,ny])
yy=np.zeros([nx,nyl)
for ix in range(nx):
for iy in range(ny):
xx [ix,iy] = x[ix]

yylix,iy] = yliyl
ixStation = nx-2
iyStation = ny/2
hStation = np.zeros(nt)
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Adveccao 2D

import matplotlib.pyplot as plt

import numpy as np

from mpl_toolkits.mplot3d import Axes3D

from matplotlib import cm

plt.rcParams['figure.figsize']l = 10, 6

nt=2000; nx=101; ny=101
passo=10,;

dx=1000.; dy=1000.;

X = np.arange(0, nx)*dx
y = np.arange(0,ny)xdy

xmin=min(x); xmax=max(x)
ymin=min(y); ymax=max(y)

xx=np.zeros([nx,ny])
yy=np.zeros([nx,nyl)
for ix in range(nx):
for iy in range(ny):
xx [ix,iy] = x[ix]
yylix,iy] = y[iy]

ixStation = nx-2
iyStation = ny/2
hStation = np.zeros(nt)

¥~ Sinal na estacdo
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uspeed=10
vspeed=0
ws = np.sqrt(uspeedx*x2 + vspeedkx2)

dt = 0.68 *x dx / ws
dt2dx dt/ (2xdx)
dt2dy = dt/(2xdy)

— courant = wsxdt/dx

u = uspeed * np.ones([nx,ny])
uP = np.zeros([nx,nyl)
uP[:]1 = ul:]

v = vspeed % np.ones([nx,ny])
vP = np.zeros([nx,nyl)
vP[:] = vI[:]

n
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AdVecgaO 2D n hoe_(%)Q_(yL;JO)Q

hJUMP=10
xJUMP=(xmax+xmin) /2.
LxJUMP=10.*dx
yJUMP=(ymax+ymin) /2.
LyJUMP=2000. xdy

h =

hP =

hJUMP*np.exp (—( (xx=xJUMP) /LxJUMP)*x*x2 — ((yy—-yJUMP)/LyJUMP)*x*2)
np.zeros([nx,ny])

hStation[0] = h[ixStation, iyStation]

plt.
plt.

plt.
plt.

close()
rcParams['figure.figsize'] = 8, 6

pcolor(xx,yy,h)
clim(0,10)

cb=plt.colorbar()
cb.set_label(u'Amplitude da perturbacéao')

plt.
plt.
plt.
plt.

plt.

scatter(xx[ixStation, iyStation], yyl[ixStation, iyStation], c='w', edgecolors='w')

)
)

xlabel(u'Posicao x (m)'
0 s')

m)
ylabel(u'Posicdo y (m)
title(u'Perturbacao t=

savefig('fig/advection2d-lax-t@.png")



Adveccao 2D
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Adveccao 2D

fig = plt.figure()
ax = plt.axes(projection='3d")

surf=ax.plot_surface(xx,yy,h, rstride=2, cstride=10, cmap=cm.jet)
ax.set_zlim(0,10)
fig.colorbar(surf, shrink=0.5)

Perturbagao t=0s

ax.set_xlabel(u'Posicdo x (m)")
ax.set_ylabel(u'Posicdo y (m)")
ax.set_zlabel(u'Amplitude")

ax.set_title(u'Perturbacao t=0 s') Tlo

plt.savefig('fig3d/advection2d-lax-t@.png") 8 9
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for ix in range(1,nx-1):
for iy in range(1,ny-1):
hP[ix,iy] = (h[ix-1,iy] + h[ix+1,iy] + h[ix,iy-1]1 + h[ix,iy+1]1)/4. \
- dt2dx *x (hulix+1,iy]l - hulix-1,1iy]) \
— dt2dy * (hvI[ix,iy+1] - hv[ix,iy-11)
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for iy in range(1,ny-1):

ix=0

hP[ix,iy]l = (h[nx-1,iy] + h[ix+1,iy] + h[ix,iy-1] + h[ix, iy+1])/4. \
- dt2dx * (hulix+1,iy] - hulnx-1,iy]l) \
— dt2dy * (hv[ix,iy+1] - hv[ix,iy-11)

ix=nx-1

hP[ix,iy] = (h[ix-1,1iy] + h[@,iy] + h[ix,iy-1] + h[ix,iy+1])/4. \
— dt2dx *x (hu[@,iy] - hul[ix-1,iy]) \
- dt2dy x (hv[ix,iy+1] - hv[ix, iy-1])

for ix in range(1,nx-1):
iy=0
hP[ix,iy]l = (h[ix-1,iy]l + h[ix+1,iy]l + h[ix,ny-1]1 + hl[ix, iy+1])/4. \
- dt2dx x (hul[ix+1,iy] - hulix-1,iy]) \
— dt2dy * (hvI[ix,iy+1] - hvI[ix,ny-11)

iy=ny-1

hP[ix,iy] = (h[ix-1,iy] + h[ix+1,iy] + h[ix,iy-1]1 + hl[ix,01)/4. \
- dt2dx x (hul[ix+1,iy] - hulix-1,iy]) \
- dt2dy x (hv[ix,@] - hv[ix,iy-11])
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ix=0; ixm=nx-1; ixp=1

iy=0; iym=ny-1; 1iyp=1

hP[ix,iy] = 1./4. x (h[ixm,iy] + hl[ixp, iyl + hl[ix,iym] + h[ix,iypl) \
— dt2dx * (hulixp,iy] - hulixm,iy]) \
- dt2dy x (hv[ix,iyp] - hv[ix,iym])

ix=nx-1; ixm=nx-2; ixp=0

iy=0; iym=ny-1; 1iyp=1

hP[ix,iy] = 1./4. x (h[ixm,iy] + hl[ixp, iyl + hl[ix,iym] + h[ix,iypl) \
- dt2dx x (hulixp,iy]l - hulixm,iy]) \
- dt2dy x (hv[ix,iyp]l - hv[ix,iym])

ix=0; ixm=nx-1; ixp=1

iy=ny-1; 1iym=ny-2; 1yp=0

hP[ix,iy] = 1./4. x (h[ixm,iy] + hlixp, iyl + hlix,iym] + h[ix,iypl) \
- dt2dx x (hulixp,iy]l - hulixm,iy]) \
- dt2dy * (hv[ix,iyp]l - hv[ix,iym])

ix=nx-1; ixm=nx-2; ixp=0

iy=ny-1; iym=ny-2; 1iyp=0

hP[ix,iy] = 1./4. x (h[ixm,iy] + h[ixp,iy] + h[ix,iym] + h[ix,iyp]) \
- dt2dx x (hulixp, iyl - hulixm,iy]) \
- dt2dy * (hv[ix,iyp] - hv[ix,iym])
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plt.
plt.
plt.

plt.
plt.
plt.
plt.
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hl:1=hP[:]

if (it+1)%passo==0:

plt.close()
plt.rcParams['figure.figsize'] = 8, 6

plt.pcolor(xx,yy,h)

plt.clim(0,10)

cb=plt.colorbar()

cb.set_label(u'Amplitude da perturbacdo')

plt.scatter(xx[ixStation, iyStation], yyl[ixStation, iyStation], c='w', edgecolors='w')

plt.xlabel(u'Posicdo x (m)")
plt.ylabel(u'Posicdo y (m)")
plt.title(u'Perturbacao t="+ str(itxdt) +' s')

plt.savefig('fig/advection2d-lax-t'+ str(it) +'.png")
hStation[it] = h[ixStation, iyStation]

close()
rcParams['figure.figsize']l = 8, 6
plot(np.arange(@,nt)*xdt/60., hStation)

ylabel(u'Amplitude")

xlabel(u'Tempo (min)")

title(u'Estacao ix='+ str(ixStation) +', iy='+ str(iyStation) +', courant='+ str(courant))
savefig('advection2d-lax-station-courant'+ str(courant) +'.png')
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oT oT
= —U——, U = const

Equagdo de advecgdo (linear, 1D) | 5. = -3

n __qm
g+l _pn _ o Ap k] k—1
k k 2Ax

* Trata-se de um método de 12 ordem no tempo e 22 ordem no espaco.

* Asolucao depende de condicdes fronteira espaciais. Vamos definir a solugao
num dominio espacial finito:

rel0, L] = axr=(k—-—1)Ax, k=1,...N

 Vamos considerar dois casos:
* Condigdes ciclicas (periddicas): x¢p = xn, TN1+1 = T1

e CondicOes “abertas”: 0T
— =0,emx =21, =N

ox
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for iy in range(1,ny-1):

ix=0

hP[ix,iy]l = (h[nx-1,iy] + h[ix+1,iy] + h[ix,iy-1] + h[ix, iy+1])/4. \
- dt2dx * (hulix+1,iy] - hulnx-1,iy]l) \
— dt2dy * (hv[ix,iy+1] - hv[ix,iy-11)

ix=nx-1

hP[ix,iy] = (h[ix-1,1iy] + h[@,iy] + h[ix,iy-1] + h[ix,iy+1])/4. \
— dt2dx *x (hu[@,iy] - hul[ix-1,iy]) \
- dt2dy x (hv[ix,iy+1] - hv[ix, iy-1])

for ix in range(1,nx-1):
iy=0
hP[ix,iy]l = (h[ix-1,iy]l + h[ix+1,iy]l + h[ix,ny-1]1 + hl[ix, iy+1])/4. \
- dt2dx x (hul[ix+1,iy] - hulix-1,iy]) \
— dt2dy * (hvI[ix,iy+1] - hvI[ix,ny-11)

iy=ny-1

hP[ix,iy] = (h[ix-1,iy] + h[ix+1,iy] + h[ix,iy-1]1 + hl[ix,01)/4. \
- dt2dx x (hul[ix+1,iy] - hulix-1,iy]) \
- dt2dy x (hv[ix,@] - hv[ix,iy-11])



n n n n n n n n
uk+1ghk+Lj__uk—lghk—Lj_ﬁﬁtka+1th+l__vkg—lhkg—l

1
+1 _ 2oy n " k
hZ = —( k_Lj+hk+1,j+hk,j—1+hkaj+1)_At 2Ax 2Ay

J 4

ix=0; ixm=nx-1; ixp=1

iy=0; iym=ny-1; 1iyp=1

hP[ix,iy] = 1./4. x (h[ixm,iy] + hl[ixp, iyl + hl[ix,iym] + h[ix,iypl) \
— dt2dx * (hulixp,iy] - hulixm,iy]) \
- dt2dy x (hv[ix,iyp] - hv[ix,iym])

ix=nx-1; ixm=nx-2; ixp=0

iy=0; iym=ny-1; 1iyp=1

hP[ix,iy] = 1./4. x (h[ixm,iy] + hl[ixp, iyl + hl[ix,iym] + h[ix,iypl) \
- dt2dx x (hulixp,iy]l - hulixm,iy]) \
- dt2dy x (hv[ix,iyp]l - hv[ix,iym])

ix=0; ixm=nx-1; ixp=1

iy=ny-1; 1iym=ny-2; 1yp=0

hP[ix,iy] = 1./4. x (h[ixm,iy] + hlixp, iyl + hlix,iym] + h[ix,iypl) \
- dt2dx x (hulixp,iy]l - hulixm,iy]) \
- dt2dy * (hv[ix,iyp]l - hv[ix,iym])

ix=nx-1; ixm=nx-2; ixp=0

iy=ny-1; iym=ny-2; 1iyp=0

hP[ix,iy] = 1./4. x (h[ixm,iy] + h[ixp,iy] + h[ix,iym] + h[ix,iyp]) \
- dt2dx x (hulixp, iyl - hulixm,iy]) \
- dt2dy * (hv[ix,iyp] - hv[ix,iym])
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