Hi=2d 0O}
o=

K
o
1l
o
0k
ok
T
o
B

|Fotd Z=t CHSE A2

The Mixed Finite Element Analysis for Nearly Incompressible and Impermeable
Porous Media Using Parallel Algorithm
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Abstract

In this paper, the parallel algorithm using MPI(Message-Passing Interface) library is introduced in order to improve numerical
efficiency for the staggered method for nearly incompressible and impermeable porous media which was introduced by Park and
Tak(2010). The porous media theory and the staggered method are also briefly introduced in this paper. Moreover, we account for
MPI library for blocking, non-blocking, and collective communication, and propose combined the staggered method with the
blocking and nonblocking MPI library. And then, we present how to allocate CPUs on the staggered method and the MPI library,
which is related with the numerical efficiency in order to solve unknown variables on nearly incompressible and impermeable
porous media. Finally, the results comparing serial solution with parallel solution are verified by 2 dimensional saturated porous
model according to the number of FEM meshes.
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10
—&— Serial
—©— nonblocking
—A— blocking
84
iteration serial nonblocking blocking
—~ 64 0 -0.00511 -0.00511 -0.00511
© 1 0.23757 0.23757 0.23757
o 2 0.72732 0.72726 0.72732
-~ 3 120077 1.20064 120077
E 4 1.68923 1.69462 1.68923
a 5 2.16564 2178 2.16564
%] 44 6 263902 265426 263902
E 7 3.10939 3.12752 3.10939
% 8 357678 359775 357678
= 9 4.0412 4.07039 4.0412
&._ 10 4.50267 4.54159 4.50267
" 4.9612 5.00582 4.9612
2 12 5.41682 5.467 5.41682
13 5.86955 5.92527 5.86955
14 6.3194 6.38057 6.3194
15 6.7664 6.83822 6.7664
16 7.21055 7.29447 7.21055
o 77 7esies 774394 765188
18 8.09041 8.19051 8.09041
19 852616 8.63419 8.52616
T T T T T
0 5 10 15 20
Iteration
T2 4 oEEsMof oE 734t H|m
num. El Serial non-Blockin  Blocking
6000 1 1004777  0.02568  0.03672
. 4 023492 012269  0.13429
9 118065  0.63945  0.65056
5000 4 25 1387148 7.67935  7.68823
. 36 3546365 19.76884  19.75633
49 8031692 44.85026 44.65164
~ 4000+ 64 16405672 9197883  91.7604
8 . 81 31244158 174.68932 175.47482
o 100 554.76399 311.08132 309.72918
83000_ 121 94232089 527.89957 528.36362
] . 144 1541.7020 863.00947 858.31908
> 169 2451.3417 1384.0243 1378.3934
85 20001 205 56561390 3257.9630 3254.8493
1000
] —&— Serial
04 —o— Paralle(non-Blocking),
—2— Parallel(Blocking)
T T T T T 1
0 50 100 150 200 250
The number of mesh
A= =2 X%l = = 3
a2 5 aBvt mE &x, 252, =52 HHsY
num. El. Total displacemen porepressur
60 1 0.00174 2.04325E-4 1.78099E-4
4 0.00498 0.00111 0.0012
9 0.01705 0.00532 0.00635
504 25 01528 006158  0.07662
36 0.37555 0.15704 0.19722
" 49 0.83192 0.04483 0.44826
~ " 64 167916 0.72703 0.91584
8 81 317347 1.38349 1.74218
2 0l 100 5.61989 2.45731 3.10415
g 121 9.49996 4.16699 5.26251
= 144 15.49339 6.8249 8.58432
Z 20 169 2455435  10.66495  13.78908
o 225 56.60783  24.04485  32.42807
10
—&—Total
—o—displacement
0+ —A—pore pressure|
T T T T T 1
0 50 100 150 200 250
The number of mesh
A =
% 6 RAZ7tol| WE F=XxfsiA el HAAIZE
[ =) B =) w 0
T 42.4%, AT =557 XA E 44.7%9 A
o O T3 [ePZNe) B
& Hoh Eg U e =E5A aiXdlx H
o/0] % | MR 5 =R k) B
47.8%9 Hdl &S YEL. AR BE5A T =55
L = = o] ok 3
A Aelole 2 Aolg vehila 9lA e bt 374
=] = =
o7 =EEAEAFNAN Aukd oz CPU sAAIZF A7t
S I=E
sl 2=ZlsiAa B E AN A =R E XA
A AN, E5A AN, =SSRl Aol ¥
366 EETAMTRIZEE =2 H23F HM4=(20

F3ka a4
354 num. El. Total displacement porepressure
1 000111 4.03166E-4 3.83854E-4
4 000383 0.00135 0.00136
304 9 001194  0.00651 0.0065
25 0.09147 0.07669 0.07677
25 36 021833 0.19735 0.19744
49 047472 0.44628 0.44663
—~ 64 0.95407 0.91671 091701
g 20 81 1.79921 1.75164 1.75162
2 100 3.16045 3.10241 3.1017
2 15 121 5.35738 5.28491 5.28462
= 144 8.66865 8.58349 8.58125
) 169 13.89316 1379226  13.79069
& 10+ 225 3266437 3252992 3252909
5
—B— Total
0+ —o— displacement
—A— porepressure|
-5 T T T T T 1
0 50 100 150 200 250
The number of mesh
a7 7 2457t E SEZSAoAML] AlMAZE
1 num. EI. Total displacemen porepressur|
354 1 9.56059E-4 2.46048E-4 2.17915E-4
1 4 0.00367 0.00114  0.00122
30 9 0.01175 0.00552  0.00639
] 25 0.09113 0.06383 0.0768
25 36 0.21799 0.16124  0.19744
49 0.47686 0.36565 0.44863
—~ 64 0.9557 0.75582  0.91953
g 20+ 81 1.80597 1.44077  1.75952
<o g 100 3.16972 2.54535 3.1123
Q45 121 5.34151 431223 527276
;g. | 144 8.70684 7.08672 8.62308
=] 169 13.93617  11.05729  13.83731
& 101 3271733 24.8267 3258615
5
4 —&— Total
0 —o— displacement|
1 —&— porepressure
—5 T T T T T 1
0 50 100 150 200 250
The number of mesh
13 8 24F7tol| ME =25Z S Ao HIMAZE
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