import numpy as np

import pandas as pd

import gmsh

import sys

import os

from pathlib import Path

gmsh.initialize()

gmsh.model.add("t3")

out_dir = Path(os.environ.get("OGS_TESTRUNNER_OUT_DIR", "_out"))

if not out_dir.exists():

    out_dir.mkdir(parents=True)

exe_dir = os.environ.get("OGS_BINARY_DIR")

# mesh file name

bhe_mesh_file_name = "test3"

#geometry parameters

width = 1300

length = 1300

depth = 700

bhe_depth = 1100

#element sizes

bhe_radius = 0.07

alpha = 6.134                 # see Diersch et al. 2011 Part 2

delta = alpha * bhe_radius    # meshsize at BHE and distance of the surrounding optimal mesh points

elem_size_corner = 40

elem_size_BHE_relax = 2

#Creating Earth layers

gmsh.model.occ.addPoint(0.0, 0.0, 0.0, elem_size_corner, 1)

gmsh.model.occ.addPoint(1300, 0.0, 0.0, elem_size_corner, 2)

gmsh.model.occ.addPoint(1300, 1300, 0.0, elem_size_corner, 3)

gmsh.model.occ.addPoint(0.0, 1300, 0.0, elem_size_corner, 4)

gmsh.model.occ.addLine(1, 4, 1)

gmsh.model.occ.addLine(2, 1, 2)

gmsh.model.occ.addLine(4, 3, 3)

gmsh.model.occ.addLine(3, 2, 4)

gmsh.model.occ.synchronize()

gmsh.model.occ.addCurveLoop([1, 3, 4, 2], 1)

gmsh.model.occ.addPlaneSurface([-1], 1)

gmsh.model.occ.synchronize()

gmsh.model.occ.addPoint(650, 650, 0, delta, 5)

gmsh.model.occ.addPoint(650, 649.6, 0, delta, 6)

gmsh.model.occ.addPoint(650, 650.4, 0, delta, 7)

gmsh.model.occ.addPoint(650.3464, 650.2, 0, delta, 8)

gmsh.model.occ.addPoint(649.6536, 650.2, 0, delta, 9)

gmsh.model.occ.addPoint(650.3464, 649.8, 0, delta, 10)

gmsh.model.occ.addPoint(649.6536, 649.8, 0, delta, 11)

gmsh.model.occ.synchronize()

gmsh.model.mesh.embed(0,[5],2,1)

gmsh.model.mesh.embed(0,[6],2,1)

gmsh.model.mesh.embed(0,[7],2,1)

gmsh.model.mesh.embed(0,[8],2,1)

gmsh.model.mesh.embed(0,[9],2,1)

gmsh.model.mesh.embed(0,[10],2,1)

gmsh.model.mesh.embed(0,[11],2,1)

R1 = gmsh.model.occ.extrude([(2, 1)], 0, 0, -depth, [6], [1], True)

gmsh.model.occ.synchronize()

gmsh.model.addPhysicalGroup(3, [R1[1][1]], 1)

R2 = gmsh.model.occ.extrude([(2, 6)], 0, 0, -1300, [12], [1], True)

gmsh.model.occ.synchronize()

#Creating Salt Cavern

gmsh.model.occ.addPoint(650, 650, -1000, delta, 105)

gmsh.model.occ.addPoint(650, 649.6, -1000, delta, 106)

gmsh.model.occ.addPoint(650, 650.4, -1000, delta, 107)

gmsh.model.occ.addPoint(650.3464, 650.2, -1000, delta, 108)

gmsh.model.occ.addPoint(649.6536, 650.2, -1000, delta, 109)

gmsh.model.occ.addPoint(650.3464, 649.8, -1000, delta, 110)

gmsh.model.occ.addPoint(649.6536, 649.8, -1000, delta, 111)

#gmsh.model.occ.addPoint(650, 650, -1000, delta, 112)

gmsh.model.occ.addPoint(650, 625, -1000, delta, 113)

gmsh.model.occ.addPoint(650, 675, -1000, delta, 114)

gmsh.model.occ.addPoint(625, 650, -1000, delta, 115)

gmsh.model.occ.addPoint(675, 650, -1000, delta, 116)

gmsh.model.occ.synchronize()

gmsh.model.occ.addCircleArc(113,105,116,106)

gmsh.model.occ.addCircleArc(116,105,114,107)

gmsh.model.occ.addCircleArc(114,105,115,108)

gmsh.model.occ.addCircleArc(115,105,113,109)

gmsh.model.occ.synchronize()

gmsh.model.occ.addCurveLoop([106, 107, 108, 109], 101)

gmsh.model.occ.addPlaneSurface([101], 101)

gmsh.model.occ.synchronize()

gmsh.model.mesh.embed(0,[105],2,101)

gmsh.model.mesh.embed(0,[106],2,101)

gmsh.model.mesh.embed(0,[107],2,101)

gmsh.model.mesh.embed(0,[108],2,101)

gmsh.model.mesh.embed(0,[109],2,101)

gmsh.model.mesh.embed(0,[110],2,101)

gmsh.model.mesh.embed(0,[111],2,101)

#gmsh.model.mesh.embed(0,[112],2,101)

#gmsh.model.mesh.embed(0,[113],2,101)

#gmsh.model.mesh.embed(0,[114],2,101)

#gmsh.model.mesh.embed(0,[115],2,101)

#gmsh.model.mesh.embed(0,[116],2,101)

gmsh.model.occ.synchronize()

cyc1=gmsh.model.occ.extrude([(2,101)], 0, 0, -200, [12],[1],True) 

gmsh.model.geo.synchronize()

gmsh.model.occ.synchronize()

#gmsh.model.removeEntities([(3,3)], recursive=False)

cavern,other = gmsh.model.occ.fragment([R2[1]], [cyc1[1]])

#gmsh.model.occ.cut([R2[1]], [cyc1[1]])

gmsh.model.geo.synchronize()

gmsh.model.occ.synchronize()

#cyc2=gmsh.model.occ.extrude([(2,101)], 0, 0, -200, [12],[1],True) 

gmsh.model.geo.synchronize()

gmsh.model.occ.synchronize()

gmsh.model.addPhysicalGroup(3, [3], 3)

gmsh.model.geo.synchronize()

gmsh.model.occ.synchronize()

gmsh.model.addPhysicalGroup(3, [4], 4)

gmsh.model.geo.synchronize()

gmsh.model.occ.synchronize()

#Adding BHE to the model

bhe = gmsh.model.occ.extrude([(0, 5)], 0, 0, -bhe_depth, [110], [1], True)

gmsh.model.occ.synchronize()

gmsh.model.addPhysicalGroup(1, [bhe[1][1]], 501)

gmsh.model.addPhysicalGroup(2,[1], name='top')

gmsh.model.addPhysicalGroup(2,[111], name='bottom')

gmsh.model.occ.synchronize()

gmsh.model.mesh.setTransfiniteCurve(112, 10, "Progression")

gmsh.model.mesh.setTransfiniteCurve(114, 10, "Progression")

gmsh.model.mesh.setTransfiniteCurve(116, 10, "Progression")

gmsh.model.mesh.setTransfiniteCurve(117, 10, "Progression")

gmsh.model.mesh.setTransfiniteCurve(106, 10, "Progression")

gmsh.model.mesh.setTransfiniteCurve(107, 10, "Progression")

gmsh.model.mesh.setTransfiniteCurve(108, 10, "Progression")

gmsh.model.mesh.setTransfiniteCurve(109, 10, "Progression")

gmsh.model.mesh.setTransfiniteCurve(110, 50, "Progression")

gmsh.model.mesh.setTransfiniteCurve(111, 50, "Progression")

gmsh.model.mesh.setTransfiniteCurve(113, 50, "Progression")

gmsh.model.mesh.setTransfiniteCurve(115, 50, "Progression")

gmsh.model.mesh.setTransfiniteCurve(121, 30, "Progression")

gmsh.model.mesh.setTransfiniteCurve(124, 30, "Progression")

gmsh.model.mesh.setTransfiniteCurve(127, 30, "Progression")

gmsh.model.mesh.setTransfiniteCurve(129, 30, "Progression")

gmsh.model.mesh.setTransfiniteCurve(118, 40, "Progression")

gmsh.model.mesh.setTransfiniteCurve(119, 40, "Progression")

gmsh.model.mesh.setTransfiniteCurve(122, 40, "Progression")

gmsh.model.mesh.setTransfiniteCurve(126, 40, "Progression")

gmsh.model.mesh.setTransfiniteSurface(101, "Left")

gmsh.model.mesh.setTransfiniteSurface(102, "Left")

gmsh.model.mesh.setTransfiniteSurface(103, "Left")

gmsh.model.mesh.setTransfiniteSurface(104, "Left")

gmsh.model.mesh.setTransfiniteSurface(105, "Left")

gmsh.model.mesh.setTransfiniteSurface(106, "Left")

gmsh.option.setNumber("Mesh.MshFileVersion", 2.2)

gmsh.model.mesh.generate(3)

gmsh.model.mesh.removeDuplicateNodes()

gmsh.write(f"{out_dir}/{bhe_mesh_file_name}.msh")

if "CI" not in os.environ:

   gmsh.fltk.run()

gmsh.finalize()

check_file = os.path.isfile(f"{out_dir}/{bhe_mesh_file_name}.msh")

if check_file:

    print("Creation of BHE mesh in Gmsh format was successful.")

else:

    msg = "Error! Gmsh file is not properly created in the BHE meshing tutorial."

    raise Exception(msg)

gmsh.initialize()

gmsh.open(f"{out_dir}/{bhe_mesh_file_name}.msh")

nodeTags, coord, parametricCoord = gmsh.model.mesh.getNodes(-1,-1)

elemTypes, line_elemTags, elemNodeTags =gmsh.model.mesh.getElements(1,-1)

elemTypes, volume_elemTags, elemNodeTags =gmsh.model.mesh.getElements(3,-1)

dimTags = gmsh.model.getPhysicalGroups(1)

Material_ID = len(dimTags)

gmsh.finalize()

print("Total Nodes", np.size(nodeTags))

print("Nr of lines", np.size(line_elemTags))

print("Nr. of prisms", np.size(volume_elemTags))

print("Material ID", Material_ID)

!GMSH2OGS -i {out_dir}/{bhe_mesh_file_name}.msh -o {out_dir}/{bhe_mesh_file_name}.vtu -v

check_file = os.path.isfile(f"{out_dir}/{bhe_mesh_file_name}.vtu")

if check_file:

    print("Conversion of mesh file from Gmsh to VTU format was successful.")

else:

    msg = "Error! Gmsh file is not properly converted to VTU format in the BHE meshing tutorial."

    raise Exception(msg)
