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import numpy as np

import meshio

from time import time

def write_data(U,mesh,nu,rho,dt,t_lim,ne,npoints,

t_calc):

path = r"C:/Users/User/Documents/TCC/results/"

f = open(path+mesh+".txt",’w’)

f.write("U = "+str(U) + "\n")

f.write("mesh = "+mesh+".msh; num elementos = "+str

(ne)+"; num pontos = "+str(npoints)+"\n")

f.write("rho = "+str(rho)+"; nu = "+str(nu)+"; mu =

"+str(rho nu)+"\n")

f.write("t = "+str(t_lim)+"; dt = "+str(dt)+";

tempo elapsado = "+str(t_calc))

f.close()

def write_Results(X,Y,Var,name,ne):

path = r"C:/Users/User/Documents/TCC/results/"

f = open(path+name+"_"+str(ne)+".txt",’w’)



for i in range(len(X)):

f.write(str(i + 1) + ";")

f.write(str(X[i]) + ";")

f.write(str(Y[i]) + ";")

for j in range(len(Var)):

f.write(str(Var[j][i]) + ";")

f.write("\n")

f.close()

def get_Mesh(name):

path = r"C:/Users/User/Documents/TCC/mesh/"

file_name = name+".msh"

msh = meshio.read(path+file_name)

X = msh.points[:,0]

Y = msh.points[:,1]

IEN = msh.cells[1][1]

IENbound = msh.cells[0][1]

[U+FFFD]

IENboundElemType = msh.cell_data[’gmsh:physical’

][0] 1

boundNames = list(msh.field_data.keys())



IENboundElem = [boundNames[elem] for elem in

IENboundElemType]

npoints = len(X)

ne = IEN.shape[0]

cc = np.unique(IENbound.reshape(IENbound.size))

ccName = [[] for i in range(npoints)]

for elem in range(0,len(IENbound)):

if not ccName[IENbound[elem][0]] or ccName[IENbound

[elem][0]] == "inlet" or ccName[IENbound[elem

][0]] == "outlet":

ccName[IENbound[elem][0]] = IENboundElem[elem]

if not ccName[IENbound[elem][1]] or ccName[IENbound

[elem][1]] == "inlet" or ccName[IENbound[elem

][1]] == "outlet":

ccName[IENbound[elem][1]] = IENboundElem[elem]

if IENboundElem[elem] == "tampa":

ccName[IENbound[elem][0]] = IENboundElem[elem]

ccName[IENbound[elem][1]] = IENboundElem[elem]

return npoints,ne,X,Y,IEN,cc,ccName

def get_Kxye(x1,y1,x2,y2,x3,y3):

A = (x1 (y2 y3) + x2 (y3 y1) + x3 (y1 y2))/2

b1=y2 y3

b2=y3 y1

b3=y1 y2

c1=x3 x2

c2=x1 x3

c3=x2 x1



b = np.array([[b1,b2,b3]])/(2 A)

c = np.array([[c1,c2,c3]])/(2 A)

kxe = A np.dot(b.transpose(),b)

kye = A np.dot(c.transpose(),c)

kxye = A np.dot(b.transpose(),c)

kyxe = A np.dot(c.transpose(),b)

return kxe,kye,kxye,kyxe

def get_Ke(x1,y1,x2,y2,x3,y3):

A = (x1 (y2 y3) + x2 (y3 y1) + x3 (y1 y2))/2

b1=y2 y3

b2=y3 y1

b3=y1 y2

c1=x3 x2

c2=x1 x3

c3=x2 x1

B = np.array([[b1,b2,b3],[c1,c2,c3]])

BT = B.transpose()

Ke = 1/(4 A) np.dot(BT,B)

return Ke

def get_Me(x1,y1,x2,y2,x3,y3):

A = (x1 (y2 y3) + x2 (y3 y1) + x3 (y1 y2))/2



Me = (A/12.0) np.array

([[2.0,1.0,1.0],[1.0,2.0,1.0],[1.0,1.0,2.0]])

return Me

def get_Gxe(y1,y2,y3):

b1=y2 y3

b2=y3 y1

b3=y1 y2

return (1.0/6.0) np.array([ [b1, b2, b3],[b1, b2,

b3],[b1, b2, b3] ])

def get_Gye(x1,x2,x3):

c1=x3 x2

c2=x1 x3

c3=x2 x1

return (1.0/6.0) np.array([ [c1, c2, c3],[c1, c2,

c3],[c1, c2, c3] ])

def generate_vG(Vx,Vy,Gx,Gy):

return np.dot(np.diag(Vx),Gx) + np.dot(np.diag(Vy),

Gy)

def get_Initial_Vx(X,Y,minX,maxX,minY,maxY):

n = len(X)

Vx = np.zeros(n,dtype = ’float’)



return Vx

def get_Initial_Vy(X,Y,minX,maxX,minY,maxY):

n = len(X)

Vy = np.zeros(n,dtype = ’float’)

return Vy

def main():

name = "cilindro"

W = []

Psi = []

Vx = []

Vy = []

L = []

t=0

tlim = 50

dt = 0.1

MDF_w = 1



yp = 2.5

U = 1

nu = 0.01 [U+FFFD]

rho = 1

mu = nu rho [U+FFFD]

t1 = time()

npoints,ne,X,Y,IEN,cc,ccName = get_Mesh(name)

Vx.append(get_Initial_Vx(X,Y,min(X),max(X),min(Y),

max(Y)))

Vy.append(get_Initial_Vy(X,Y,min(X),max(X),min(Y),

max(Y)))

Psi_cc = np.zeros(npoints,dtype = ’float’)

for i in cc:

boundary_type = ccName[i]

if boundary_type == "tampa":

Vx[ 1][i] = U

Vy[ 1][i] = 0

Psi_cc[i] = 0

elif boundary_type == "paredeInf":

Vx[ 1][i] = 0

Vy[ 1][i] = 0

Psi_cc[i] = 0

elif boundary_type == "paredeSup":

Vx[ 1][i] = 0

Vy[ 1][i] = 0

Psi_cc[i] = Y[i]

elif boundary_type == "inlet":

Vx[ 1][i] = U

Vy[ 1][i] = 0



Psi_cc[i] = Y[i]

elif boundary_type == "outlet":

Vy[ 1][i] = 0

elif boundary_type == "farField":

Vy[ 1][i] = 0

Psi_cc[i] = Y[i]

elif boundary_type == "cilindro":

Vx[ 1][i] = 0

Vy[ 1][i] = 0

Psi_cc[i] = yp

K = np.zeros((npoints,npoints),dtype = ’float’)

Kx = np.zeros((npoints,npoints),dtype = ’float’)

Ky = np.zeros((npoints,npoints),dtype = ’float’)

Kxy = np.zeros((npoints,npoints),dtype = ’float’)

M = np.zeros((npoints,npoints),dtype = ’float’)

Gx = np.zeros((npoints,npoints),dtype = ’float’)

Gy = np.zeros((npoints,npoints),dtype = ’float’)

for e in range(0,ne):

vertices = IEN[e]

x1 = X[vertices[0]]

y1 = Y[vertices[0]]

x2 = X[vertices[1]]

y2 = Y[vertices[1]]

x3 = X[vertices[2]]

y3 = Y[vertices[2]]

Ke = get_Ke(x1,y1,x2,y2,x3,y3)

Kxe,Kye,Kxye,Kyxe = get_Kxye(x1,y1,x2,y2,x3,y3)

Me = get_Me(x1,y1,x2,y2,x3,y3)

Gxe = get_Gxe(y1,y2,y3)

Gye = get_Gye(x1,x2,x3)

for i in range(0,3):

ii = IEN[e,i]



for j in range(0,3):

jj = IEN[e,j]

Gx[ii,jj] = Gx[ii,jj] + Gxe[i,j]

Gy[ii,jj] = Gy[ii,jj] + Gye[i,j]

M[ii,jj] = M[ii,jj] + Me[i,j]

K[ii,jj] = K[ii,jj] + Ke[i,j]

Kx[ii,jj] = Kx[ii,jj] + Kxe[i,j]

Ky[ii,jj] = Ky[ii,jj] + Kye[i,j]

Kxy[ii,jj] = Kxy[ii,jj] + Kxye[i,j]

Ksum = Kx + Ky

W.append(np.linalg.solve(M,np.dot(Gx,Vy[ 1]) np.

dot(Gy,Vx[ 1])))

L.append(np.dot(Ksum,W[ 1]))

K_psi = K.copy()

M_vx = M.copy()

M_vy = M.copy()

c = np.dot(M,W[ 1])

for i in cc:

boundary_type = ccName[i]

if boundary_type == "tampa" or boundary_type == "

cilindro" or boundary_type == "inlet" or

boundary_type == "paredeInf" or boundary_type ==

"paredeSup":

K_psi[i] = np.zeros(npoints,dtype = ’float’)

K_psi[i,i] = 1.0

c[i] = Psi_cc[i]

M_vx[i] = np.zeros(npoints,dtype = ’float’)

M_vx[i,i] = 1.0



M_vy[i] = np.zeros(npoints,dtype = ’float’)

M_vy[i,i] = 1.0

if boundary_type == "farField":

K_psi[i] = np.zeros(npoints,dtype = ’float’)

K_psi[i,i] = 1.0

c[i] = Psi_cc[i]

M_vy[i] = np.zeros(npoints,dtype = ’float’)

M_vy[i,i] = 1.0

if boundary_type == "outlet":

M_vy[i] = np.zeros(npoints,dtype = ’float’)

M_vy[i,i] = 1.0

Psi.append(np.linalg.solve(K_psi,c))

t += dt

while t <= tlim:

Wcc = np.linalg.solve(M,np.dot(Gx,Vy[ 1]) np.dot(

Gy,Vx[ 1]))

vG = generate_vG(Vx[ 1],Vy[ 1],Gx,Gy)

A = M/dt + nu K + MDF_w vG

b = np.dot((M/dt (1 MDF_w) vG),W[ 1])

for i in cc:

boundary_type = ccName[i]

if boundary_type == "farField" or boundary_type ==

"tampa" or boundary_type == "cilindro" or

boundary_type == "inlet" or boundary_type == "

paredeInf" or boundary_type == "paredeSup":

A[i] = np.zeros(npoints,dtype = ’float’)

A[i,i] = 1.0

b[i] = Wcc[i]



W.append(np.linalg.solve(A,b))

L.append(np.dot(Ksum,W[ 1]))

c = np.dot(M,W[ 1])

for i in cc:

boundary_type = ccName[i]

if boundary_type == "farField" or boundary_type ==

"tampa" or boundary_type == "cilindro" or

boundary_type == "inlet" or boundary_type == "

paredeInf" or boundary_type == "paredeSup":

c[i] = Psi_cc[i]

Psi.append(np.linalg.solve(K_psi,c))

b_vx = np.dot(Gy,Psi[ 1])

b_vy = np.dot( Gx,Psi[ 1])

for i in cc:

boundary_type = ccName[i]

if boundary_type == "tampa" or boundary_type == "

inlet":

b_vx[i] = U

b_vy[i] = 0

elif boundary_type == "cilindro" or boundary_type

== "paredeInf" or boundary_type == "paredeSup":

b_vx[i] = 0

b_vy[i] = 0

elif boundary_type == "outlet" or boundary_type ==

"farField":

b_vy[i] = 0

Vx.append(np.linalg.solve(M_vx,b_vx))

Vy.append(np.linalg.solve(M_vy,b_vy))

t += dt

t2 = time()



t_calc = t2 t1

print("tempo de execucao: " + str(round(t_calc ,2))

+ "s")

write_Results(X,Y,Psi,name+"_Psi",ne)

write_Results(X,Y,W,name+"_w",ne)

write_Results(X,Y,Vx,name+"_Vx",ne)

write_Results(X,Y,Vy,name+"_Vy",ne)

write_Results(X,Y,L,name+"_L",ne)

write_data(U,name,nu,rho,dt,tlim,ne,npoints,t_calc)

if __name__ == "__main__":

main()

import meshio

import numpy as np

import os

from datetime import datetime

def read_Mesh(path,file_name):

file_name = file_name+".msh"

msh = meshio.read(path+file_name)

num_elements = msh.cells[1][1].shape[0]

return msh,num_elements

def main():

path = r"C:/Users/User/Documents/TCC/paraview/"

path_res = r"C:/Users/User/Documents/TCC/results/"

path_mesh = r"C:/Users/User/Documents/TCC/mesh/"



mesh = "cilindro_farField"

now = datetime.now()

date_time = now.strftime(" %d_%m_%Y %H_%M_%S")

msh,num_elements = read_Mesh(path_mesh ,mesh)

cells = [(msh.cells[1][0],msh.cells[1][1])]

Vx = []

Vy = []

Psi = []

W = []

L = []

num_values = 0

try:

file = open(path_res + mesh + "_Vx_"+str(

num_elements)+".txt","r")

lines = file.readlines()

n = len(lines)

num_values = len(lines[0].split(";")[3: 1])

for i in range(0,num_values):

Vx.append([])

for line in lines:

line = line.split(";")[0: 1]

values = list(map(float, line[3:]))

for i in range(0,num_values):



Vx[i].append(values[i])

file.close()

except:

print("Erro lendo Vx")

return

try:

file = open(path_res + mesh + "_Vy_"+str(

num_elements)+".txt","r")

lines = file.readlines()

n = len(lines)

for i in range(0,num_values):

Vy.append([])

for line in lines:

line = line.split(";")[0: 1]

values = list(map(float, line[3:]))

for i in range(0,num_values):

Vy[i].append(values[i])

file.close()

except:

print("Erro lendo Vy")

return

try:

file = open(path_res + mesh + "_Psi_"+str(

num_elements)+".txt","r")

lines = file.readlines()

n = len(lines)

for i in range(0,num_values):

Psi.append([])

for line in lines:

line = line.split(";")[0: 1]

values = list(map(float, line[3:]))

for i in range(0,num_values):

Psi[i].append(values[i])



file.close()

except:

print("Erro lendo Psi")

return

try:

file = open(path_res + mesh + "_w_"+str(

num_elements)+".txt","r")

lines = file.readlines()

n = len(lines)

for i in range(0,num_values):

W.append([])

for line in lines:

line = line.split(";")[0: 1]

values = list(map(float, line[3:]))

for i in range(0,num_values):

W[i].append(values[i])

file.close()

except:

print("Erro lendo W")

return

try:

file = open(path_res + mesh + "_L_"+str(

num_elements)+".txt","r")

lines = file.readlines()

n = len(lines)

for i in range(0,num_values):

L.append([])

for line in lines:

line = line.split(";")[0: 1]

values = list(map(float, line[3:]))

for i in range(0,num_values):

L[i].append(values[i])

file.close()



except:

print("Erro lendo L")

return

try:

os.makedirs(path+mesh+date_time)

except:

print("Erro criando diretorio")

return

for step in range(0,len(Vx)):

point_data={’vx’:Vx[step]}

data_vy={’vy’:Vy[step]}

data_psi={’psi’:Psi[step]}

data_omega={’omega’:W[step]}

data_L={’L’:L[step]}

point_data.update(data_vy)

point_data.update(data_psi)

point_data.update(data_omega)

point_data.update(data_L)

meshio.write_points_cells(path+mesh+date_time+"/"+

mesh+"_"+str(step + 1)+’.vtk’,msh.points,cells,

point_data=point_data ,file_format = "vtk51")

if __name__ == "__main__":

main()

import numpy as np

import meshio



def write_Results(lift_vectors_for_each_step ,mesh,

str_val):

path = r"C:/Users/User/Documents/TCC/lift_drag/"

f = open(path+mesh+"_lift_vector.txt",’w’)

f.write(str_val+"\n")

f.write("FD FL CD CL"+"\n")

for i in range(len(lift_vectors_for_each_step)):

f.write(str(lift_vectors_for_each_step[i,0])+","+

str(lift_vectors_for_each_step[i,1])+","+str(

lift_vectors_for_each_step[i,2])+","+str(

lift_vectors_for_each_step[i,3])+"\n")

f.close()

def get_Mesh(name):

path = r"C:/Users/User/Documents/TCC/mesh/"

file_name = name+".msh"

msh = meshio.read(path+file_name)

X = msh.points[:,0]

Y = msh.points[:,1]

IEN = msh.cells[1][1]

IEN_ElemType = msh.cell_data[’gmsh:physical’][1]

1



ElementsNames = list(msh.field_data.keys())

IEN_Elem = [ElementsNames[elem] for elem in

IEN_ElemType]

subset_elements = []

ne = IEN.shape[0]

for i in range(ne):

if ElementsNames[IEN_ElemType[i]] == "surface":

subset_elements.append([IEN[i][0],IEN[i][1],IEN[i

][2],X[IEN[i][0]],Y[IEN[i][0]],X[IEN[i][1]],Y[

IEN[i][1]],X[IEN[i][2]],Y[IEN[i][2]]])

return subset_elements ,len(subset_elements)

def main():

mesh = "cilindro_farField"

subset_elements ,ne = get_Mesh(mesh)

path = r"C:/Users/User/Documents/TCC/results/"



num_values = 0

L = []

try:

file = open(path + mesh + "_L_"+str(ne)+".txt","r")

lines = file.readlines()

n = len(lines)

num_values = len(lines[0].split(";")[3: 1])

for i in range(0,num_values):

L.append([])

for line in lines:

line = line.split(";")[0: 1]

values = list(map(float, line[3:]))

for i in range(0,num_values):

L[i].append(values[i])

file.close()

except:

print("Erro lendo L")

return

xc = 3

yc = 2.5

U = 1

D = 1

nu = 1/200

rho = 1

mu = nu rho



min_X = xc 0.75 D

max_X = xc + 0.857 D

min_Y = yc 0.95 D

max_Y = yc + 0.95 D

str_val = "min X: " + str(min_X) + " " + "max X: "

+ str(max_X) + " " + "min Y: " + str(min_Y) + "

" + "max Y: " + str(max_Y)

lift_vectors_for_each_step = np.zeros((num_values

,4),dtype = ’float’)

for i in range(num_values):

FL = 0

FD = 0

CL = 0

CD = 0

for j in range(ne):

x1 = subset_elements[j][3]

y1 = subset_elements[j][4]

x2 = subset_elements[j][5]

y2 = subset_elements[j][6]

x3 = subset_elements[j][7]

y3 = subset_elements[j][8]

if max(x1,x2,x3) <= max_X and min(x1,x2,x3) >=

min_X and max(y1,y2,y3) <= max_Y and min(y1,y2,

y3) >= min_Y:

p1 = subset_elements[j][0]

p2 = subset_elements[j][1]



p3 = subset_elements[j][2]

L1 = L[i][p1]

L2 = L[i][p2]

L3 = L[i][p3]

Le = (L1 + L2 + L3)/3

Xce = (x1 + x2 + x3)/3

Yce = (y1 + y2 + y3)/3

FL = FL mu Yce Le

FD = FD + mu Xce Le

CL = CL + 2 Xce nu Le/(U D)

CD = CD 2 Yce nu Le/(U D)

lift_vectors_for_each_step[i] = [FD,FL,CD,CL]

write_Results(lift_vectors_for_each_step ,mesh,

str_val)

if __name__ == "__main__":

main()
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