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Motivace

m Hydraulické stépeni
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Motivace

m Hydraulické Stépeni
= HDR (Hot Dry Rock)

cold water hot water

heating zone

Obrazek: Hot Dry Rock schéma.

.
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Biotova poroelasticita

Darcyho rovnice

0(Sp+aV . -u)—-V - -(KVp)=f in (0,T)xQ

Rovnice Elasticity

—V.(Ce(u) —apl) =g in (0,T)xQ
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Redukovany model

Obrazek: Oblast Q.
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Redukovany model

Aproximace

P2|72 - P
d
2

V" (Kf,n prly,n) = Ken - n
K
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Redukovany model

Aproximace

ol — P
V" (Kt prlopn) ~Ken-n 2 e
——

d
X 2
Puklinovy tlak
1 /2
P 4 gpfdn

Numerické modelovani hydromechaniky v poréznim prostiedi | 29. kvétna 2018




TECHNICKA UNIVERZITAV LIBERCI
Fakulta mechatroniky, informatiky
amezioborovych studii

Numerické feseni

Prostorova diskretizace

Metoda konecnych prvkii (FEM)

||
| 9/27
Numerické modelovani hydromechaniky v poréznim prostfedi | 29. kvétna 2018 L]



o TECHNICKA UNIVERZITA V LIBERCI
Fakulta mechatroniky, informatiky
amezioborovych studii

Prostorova diskretizace

Y1 Y

Obrazek: Konformni sit, (Nalevo): 2-dimenziondini oblast Q sitovand
pomoci simplexii. (Napravo): 1-dimenzionaini redukovand puklina v se
siti tvofenou dseCkovymi segmentami
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Numerické feseni

Prostorova diskretizace

Metoda konecnych prvkii (FEM)

Casova diskretizace

Implicitni Eulerova metoda

~ O(t) — d(t — At)

0r®(t) At

[ L] ]
|
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FEniCS implementace

Matematicka notace

Ei(u1,p1,r1,U) = —/ Q-+
et

/ (Cle(u1)> -Vrl — a/ plv - r.
Q1 Q1

W § 12/27
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FEniCS implementace

Ei(uy,p1,r1,U) = —/ Q1-ri+
et

/ (Cls(ul)) -Vry — a/ pV - ry.
Ql Ql

#Elasticity equation for the domain Omega
E_omega = (
-inner(Q_1,r(’+’))*dS(region_£frac)-\

inner (Q_2,r(’-’))*dS(region_£frac)+\

inner (CE(u) ,epsilon(r))*dx-alfa*pxdiv(r)*dx
)
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Simulace

Geometrie

Sit

Okrajové podminky
Pocatecni podminky
Vysledky

HEE
B 14/27
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Geometrie
Fg Tﬂ l"-lr _ Tn rT o
Fracture
Y FL y
2 2 g Q, Q, g
(=] []
3 8
500
rf = rf 500 m rk
L
= ryr, .
2 1 - Bulk domain
| 1000 m ) - i
) 1 F
(a) Matematicka oblast. (b) FEniCS vypoceni oblast.

Obrazek: Geometrie vypoceni oblasti.

i
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Simulace 1

— — 6
un=0 _, P=10

Obrazek: (Nalevo): Okrajové podminky (Dirichlet), (Napravo):
Viysitovana oblast pro Simulaci 1.

M W 16/27
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Simulace 2

— — 6
un=0 _, P=10
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Obrazek: (Nalevo): Okrajové podminky (Dirichlet), (Napravo):
Viysitovana oblast pro Simulaci 2.
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Vysledky - Tlak

’ 1.000e+06 F 1.000e+06
~7.50+5 27.50+5
§5e+5 §5e+5
22 Be+h 22 5e+b
0.000e+00 0.000e+00
(a) p (S1), t =50At (b) p (52), t =50At

Obrazek: Vyvoj tlakového pole v Case t = b0At.
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Vysledky - Tlak

° 1.000e+06 ° 1.000e+05
7.50+5 7.5e+5
§5e+5 ése+5
E2‘59+5 52‘59+5
0.000e+00 0.000e+00
(a) p (S1), t =200At (b) p(52), t =200At

Obrazek: Vyvoj tlakového pole v Case t = 200At.
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Vysledky - Tlak

° 1.000e+06 ° 1.000e+06
~7.5e+b 75045
§5e+5 559+5
22.Se+5 EQ 5o+5
0.000e+00 0.000e+00
(a) p (S1), t = 300At (b) p (52), t =300At

Obrazek: Vyvoj tlakového pole v Case t = 300At.
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Vysledky - Tlak

" 1.000e+06 ° 1.000e+06
£7.5e+5 Z7.5e+5
Cgers Ceers
E2‘Se+5 E2‘5e+5
0.000e+00 0.000e+00
(a) p (S1), t = 500At (b) p (52), t =500At

Obrazek: Vyvoj tlakového pole v Case t = 500At.

= B
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Vysledky - Posunuti

u Magnitude
3.500e-03

EO 002625

000175

£0.000875

EO‘ 000e+00

(a) u (S1), t =50At

uMagnitude
t3500&03

Eo.00e2s
000175
£0.000875

EO‘ 000e+00

(b) u (52), t =50At

Obrazek: Vyvoj pole posunuti v ¢ase t = 50At.
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Vysledky - Posunuti

uMagritude uMagnitude
3,500e-08 5.800e-08
Eo‘oozezs [,0‘002625
éo‘om;s EO‘UOWS
Eo‘ooows o 00w7s
0.0008+00 Eg‘goge.*og
(a) u (S1), t =200At (b) u (52), t =200At

Obrazek: Vyvoj pole posunuti v case t = 200At.
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Vysledky - Posunuti

uMagnitude uMagnitude
5500003 3,500e-03
l_o 002625 EOUOZ(’%
éo‘oows ;0‘00175
Eo‘ooows E0000575
0.000e+00 ko 000400
(a) u (S1), t =300At (b) u (52), t =300At

Obrazek: Vyvoj pole posunuti v case t = 300At.
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Vysledky - Posunuti

u Magnitude uMagnitude
35006-08 3500603
Eo‘oozszs to‘oozezs
00178 000175

“0000875 F

E 0000875
0.000e+00 l

0000e+00
(2) u (S1), t =500At (b) u (52), t =500At

Obrazek: Vyvoj pole posunuti v case t = 500At.
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w Vzdjemny pomér parametri(d, K, K¢, p, pe, A, Af) md
velky vliv na spojitost resent.

u Model je spolehlivéjsi pro makroskopické pukliny
(d ~ 1072[m]).

W 26/27
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Dékuji za pozornost.
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