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Axisymmetric Rotational Framework
Water saturation assumed

Linear Elastic

Q= QgUOgU Qg U O

| Heat Conservation ‘
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I Fluid mass Conservation ~ 7

| Mechanical Equilibrium

Governing Equations [2]

~VI(CVu) + aVp + §,LEVT =)

[2]- Selvadurai, A. P.S; Suvorov, A. P.: Thermo-Poroelasticity and Geomechanics. CAMBRIDGNE UNIVERSITY PRESS,
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Daiiniicon of Perameiric Prololehn

« k(Heat Conductivty)
« K(Hydraulic Conductivity)
« E (Elastic Modulus)

Heat Conservation C;;T — VT(KVT) = (

. . T . 62 . n
GUCRPCENCUNNICLEE ( —V ' (KVp) + aVu + | & + )P &ET=0
Mechanical Equilibrium —VT(C(E,v)Vu) + aVp + §,LEVT = b

Unknowns depend on

material parameters T(t, Q1 K,E),p(t,Q k K,E) and u(t,Q, k, K, E)
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Ganeralizae solution IS high cimensional [

T(t, Ok, K,E,9),p(t, 0Kk K,E,9) andu(t,Q,«, K,E,9)

T(t, ) « U is six dimensional which is called high dimensional.

U\, x, K,E,9) = [p(t,pn) - Models defined in high-dimensional suffer from the so-

e u(t,p) called curse of dimensionality.

« By using a standard mesh-based discretization technique, here Finite Element Method (FEM),
wherein n;, ng, n,., ng, ng and ny are number of discretization for each dimension, the number of
degrees of freedom for Generalized solution is:

Npan = ntXnQ xnkanan

FEM technique can become prohibitive with the repetitive solutions of PDEs

2

In this work, Encapsulated PGD technique has been used to tackle this difficulty, with this
technique the number of degrees of freedom for Generalized solution decreased to:

Npgp — ntX(nQ+nK+nK+nE)

—

[3]- Chinesta, F.; Keunings, R.; Leygue, A.: The Proper Generalized Decomposition for Advanced Numerical Simulation. @
Springer, 2014,
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We seek a Generalized solution for (Q, k, K, E,9) € 2 X I, X Iy X Iz X Iy in each fime step t.

The PGD yields an approximate solution in the separate form for each time step:
M

Ubap(2 K, K,E,9) = ) wm(@GI (65 (K)GY(B)G(®)

m=1
« PGD contains two inner loops for computing enough terms (M) to approximate the
Generalized solution
« Enrichment loop (fo compute successively terms of the solution)
» Fixed-point iteration (to compute iteratively the modes in each term
« By using PGD method, the Stiffness Matrix and Force Vectors will be defined in separated
formats (Monolothic Solver), and they are the main contribution of this work.
Mg

Kbep (@1, K,E9) = ) KM@GT ()T KT EIPT®)

A

m=1

My
Flop(9, 16 K,E,9) == ) f@Qypf(pF (KT EWF ()
m=1

[4]- Diez, P.; Zlotnik, S.; Garcia-Gozalez, A.; Huerta, A.: Algebraic PGD for tensor separation and compression: An algoritmic
approach. In: Comptes Rendus Mecanique 346 (2018), p. 501-514



Input Data:
Parametric Matrices and Parametric Vectors
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First Example, Thermal Transient with Geometric and Material parameter.

/Domoins \

 Geometrical parameter
d9=[-5m 6ém]

« Material parameter is Heat conductivity of the Rock (kg = 1)

W3

= |1 oK moK]

e Time domain

\ t= [0 year 1000 year] /




Encapsulated PGD vs FEM Solution for one point
w
e = 2.61——0 = 6 m

PGD Solution FEM Solution Relative Error
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Global Error

__ llUrem—Upcpllaxiy x1y

G = IUrEMIlQx1yc x1g
1 = Space
I, €1[1,3]
Iy€E [—5,6]
I,€ [1,1000]
Based on following data:
 9=-5:6
* kr=1:0.25:3
 t=1:1000

e Modes = 1:20

0.018
0.016
0.014

0.012
0.01;

0.008

“ 0.006

0.004

10

107
ol Enrichment Tolerance

1073
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Second Example, THM Steady State case with Geometric and Material parameters.

+-
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« Domains
« Geomeirical parameter:

\_

* Material parameter:

W W

m € [1

3 ——], 2 €[2x 10—13?{1.02 x 1011

m°K ~ m°K

¥ € [-5m 6m]

"1 and ps € [55000MPa 75000MPal

S



Encapsulated PGD vs FEM for one point

iy = 261"y, = 1.52 x 10712 = and gz = 65000 MPa and 9 = —5m
Number
of Modes
Temperature [°C] PGD Temperature [°C] FEM Error Temperatm’é
140 140 6
200 35 35 35
120 120
30 30 30 5
25 1100 25 1100 25 P
N20 180 N20 180 N20 P
15 | 60 15 | 60 15
2
10 10 10
40 40
5 5 5 1
20 20
0 0 0
024 024 024



Encapsulated PGD vs FEM for one point

iy = 261"y, = 1.52 x 10712 = and gz = 65000 MPa and 9 = —5m

m

Number
of Modes Pressure [Pa] Pob Pressure [Pa]mﬁn Error pressmlél'5
200 35 4 35 4 35 2.5
30 3.5 30 3.5 30
2
25 13 25 ° 43
(2.5 2.5
11.5
L 20 N 20 N 20,
iy 12
15 15 15
1.5 1.5 &
10 10
10 1 1
0.5
5 05 5 0.5 3
0 0 0 0 0 0
024 02 4 024




Encapsulated PGD vs FEM for one point

W
m °K’

fy = 2.61——,u, = 1.52 x 10712 ?ond (i3 = 65000 MPaand 9 = —5m

Number

f Mod . . . . .
of Hoges Displacement in Axial Direction [m] PGD Displacement in Axial Direction [m] FEM Error Vertical DispIaO'é’ment

0.03 0.03
200 35 35 35 4
30 0.025 30 0.025 30 3.5
13
25 1 0.02 25 10.02 25
20 20 20 25
N 1 0.015 N 10.015 N R
15 15 15
0.01 0.01 1.5
10 10
1
0.005 0.005
S o 0.5
0 0 0 0 0
024 024 024
r r r



Encapsulated PGD vs FEM for one point

iy = 261"y, = 1.52 x 10712 = and gz = 65000 MPa and 9 = —5m

m

Number
of Modes

2 00 Displacement in Radial Digection [m] PGD Displacement in Radial Digection [m] FEM Normalized Error RadiakD(S"’blacement

35 35 35 7
6 6

30 30 6
4 30 4

25 ’ 12 25 . 12 25 @0 19
10 0 4

n 20 \ 20 L 20 |

__2 H -

15 15 2 15 B
-4 -4

10 10 10 2
-6 -B

5 5 1
-8 5 -8

07
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Global Error

€ = IUreM—UpGpllaxiy,, x1y, xIy xIg

IUreMllQx1y, x1pyyx1pgx1g

0 — Space
I, €1[1,3]
I, €[2x10713,1.02 x 1071]
I,, € [5.5%10%°,7.5 x 10']
Iy€ [—5,6]

Based on following data:
¥ = [-5,—2.8088,—0.6066,1.5956,3.7978, 6]
py =[1,1.4975,1.9975,2.4975, 3]
Uy = [0.002,0.0219,0.0419,0.0619,0.0819,0.1020] x 1010
ps =[5.5,5.9975,6.4975,6.9975,7.5] x 101°
Modes = [25,50,75,100,125,150,175,180,200]

107

0 10'2 =

'3 L 1 1
10 0 50 100 150 200

Number of Modes



Conclusion ene Cuiloeok

Conclusion

It has shown that PGD is numerical method able to provide generalized solutions of parametric
problems.

For finding Generalized Solution for such problems, PGD solver is much faster in comparison with FEM
solver

This presentation shows how ROM can provide real time solution to (simple) THM problemes.

Ovtlook

Final goal is finding Generalized Solution for Transient THM problem with both Geometric and Material
Parameters.




Questions?

Thanks for yvour attention!



