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Modelo de ondas graviticas em aguas pouco profundas (shallow-water)



Velocidade de fase das ondas:

O modelo shallow water o= Jol > uv

Independente do comprimento de onda
(ondas nao dispersivas).

A partir da equacao de Navier-Stokes para um
fluido incompressivel, pode obter-se esta equacao
relacionando a altura da superficie livre do fluido p ~ 0 (ar)
(h) com a velocidade horizontal media vertical '—h-H superficie livre
(u,v), no caso de ondas com comprimento de
onda muito maior que a profundidade
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Topografia do fundo
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v’ 3 equagdes Modelo para ondas longas (A > 5000m), e.g.
v' 3incégnitas (u, v, h) maré, tsunamis

v N3o linear



O modelo shallow water

A 1 dimensdo:
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Condicdes fronteira ciclicas (ou
periddicas)




Condicao fronteira fechada (refletora) em X1, Xmax
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Recapitulando

LeapFrog: n= 10, t=10.00, c=1.00, filtro=0.00
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LeapFrog: n= 10, t=31.6, ¢=0.70
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Shallow-water 1D: —

LeapFrog: n= 10, t=31.6, ¢=0.70
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1D shallow water, equacao para U (leapfrog)

00 (1 4O
ot~ ox /)T 9o
uu = u?
s _ UUfyq — WUy _ hits — hisy
2At 2Ax 2Ax

U=ul'; uM=ul"’; UP=ul"t; Uu=U**2

UP[i]=UM[i]-dt/dx* (UU[i+1]-UU[i-1]) -g*dt/dx* (H[i+1]-H[i-1])

o resto é semelhante a equacdo de advecao linear, mas atencao a condicao fronteira.



Shallow-water 1D

import numpy as np;import matplotlib.pyplot as plt
import os;import imageio

path=r'd: /"

g=9.81;h0=5000

nx=200;dx=1000;nt=2000;passo=20;snap=1200

closex=True

wavespeed=np.sqrt (g*h0)

courant=0.7; dt=courant*dx/wavespeed
Lx=nx/2*dx;x=np.arange (-Lx,Lx, dx)

h=np.ones (x.shape) *h0

hJuMP=10 ; xJUMP=-50000 ; LxJUMP=10000
h=h+hJUMP*np.exp (- ( (x-xJUMP) /LxJUMP) **2) #nivel inicial
b=np.zeros (h.shape)

b=0*np.exp (- ((x-50000) /20000) **2) {#batimetria
plt.figure(l,£figsize=(10,10))

plt.subplot(2,1,1) ;plt.plot(x,h,color="'red',label='0s’);
plt.title('ShallowWater, c=%3.2f' % courant)  ;plt.xlim(-Lx, Lx)
plt.subplot(2,1,2) ;plt.plot(x,b-h0);

plt.plot(x,np.ones(x.size) *0,color="red') ;plt.title('Batimetria’)

plt.xlim(-Lx,Lx)



t=np.arange (0,dt*nt,dt)
frames=[]
u=np. zeros (h. shape)
uP=np. copy (u) ;uM=np. copy (u)
hP=np.copy (h) ;hM=np.copy (h)
dtdx2=0.5*dt/dx
dtdx=dt/dx
#1lst step Euler
hmb=h-b; hmu=hmb*u;uu=u*u
for ix in range (nx):
ixm=ix-1;ixp=ix+1
if ix==0: #ciclico
ixm=nx-1
elif ix==nx-1:
ixp=0
uP[ix]=u[ix]-dtdx2* (uu[ixp] -uu[ixm])-dtdx2*g* (h[ixp]-h[ixm])
hP[ix]=h[ix]-dtdx2* (hmu[ixp]-hmu[ixm])
if closex: #fronteira fechada
uP[0]=0
uP[nx-1]=0
hP[0]=hP[1]
hP[nx-1]=hP[nx-1]



#LeapFrog
for it in range(2,nt):
print(it,nt)
hmb=h-b ; hmu=hmb*u;uu=u*u
for ix in range (nx):
ixm=ix-1;ixp=ix+1
if ix==0: #ciclico
ixm=nx-1
elif ix==nx-1:
ixp=0
uP[ix]=uM[ix]-dtdx* (uu[ixp] —uu[ixm]) -dtdx*g* (h[ixp]-h[ixm])
hP[ix]=hM[ix]-dtdx* (hmu[ixp]-hmu[ixm])
if closex: #fronteira fechada
uP[0]=0
uP[nx-1]1=0
hP[0]=hP[1]
hP[nx-1]=hP[nx-2]
uM=np.copy (u) ;u=np. copy (uP) ; hM=np.copy (h) ;h=np.copy (hP)



if it%passo==0:
plt.figure(2,figsize=(10,3))
plt.plot(x, h)
plt.plot(x,b,color="'black')
plt.axis([-Lx,Lx,h0-hJUMP,6 hO+hJUMP])
plt.title('LeapFrog: n=%4i, t=%4.1f, c=%3.2f' % (it,dt*it,courant))
fn=path+'mov'+str(it)+'.png'
plt.savefig(£fn)
plt.clf () #close figure
frames. append (£fn)
if snap>=it*dt and snap<=(it+1l) *dt:
plt.figure (1)
plt.subplot(2,1,1) ;plt.plot(x,h,label=r'$t=%4.1f s$' % (it*dt))
plt.figure(1l) ;plt.legend()

images=[] #frames para filme
for frame in frames:
images.append (imageio.imread (frame))
os.remove (frame)
imageio.mimsave (path+'SHA1dLFR'+'.gif', images,duration=0.1)



Batimetria FLAT, closeX=True
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Batimetria FLAT, closeX=False A A
A AA

aaaaaaaaaa

00000
00000
00000

00000

LeapFrog: n= 20' t:63|2’ c=0.70 w0000 75000 -50000  -25000 0 25000 50000 75000 100000

5010.0

5007.5 -

5005.0 -
5002.5 J\/\
5000.0 A

4997.5 A

4995.0 -
4992.5 -

4‘990-0 I 1 T T T 1 T
—100000 —75000 —50000 —25000 0 25000 50000 75000 100000



Fundo com montanha submarina

b=3000*np.exp (- ( (x-50000) /20000) **2) m_‘¥17&“//\ ,/

LeapFrog: n=

ShallowWater, c=0.70
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