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Introduction to Numerical Simulation(4)
Takashi Aoki
Department of Information Science, Kanagawa University

Abstract. This paper notes that thermal equation can’t solve by Crank-Nicolson, but can
solve by CV method in Non-equal mesh step.
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MK,MK1,MKM | method 2,1,1(Type2) 1,1,1(Typel) | 2,2,2(Type3)
— CV 20.3527; (5.8) 20.3525; (5,8) | -0.2824; (5.5,8)
— Cranc-N | -0.3943; (5,8)[11.8 0] | -0.3525; (5.8) | -0.2824; (5.5,3)
U oV 0.2138; (5,3) 0.2137; (5,3) | 0.1793; (5.5,3)
tmas Cranc-N | 0.2019; (5,3)[5.60] | 0.2137; (5,3) | 0.1793; (5.5,3)

0000000000 OTypelDO Type30 0000000000000 O0000OO0O
D000CVOOO0O00O-0000000000000000000000000000
00000000000000000000000000000000000000 s=d=
0000000000000000000MK=2(0000000000)0000000
N0000000000000000000000000000000000000000
O00Typel000000000000000000 w0 11.80 Dupe, 0 5.60 000
000

00000000 Type(Typel,2,3) 00 0000000000000 Typed 0000
0d00D00000d000000000000000 DFOOODF=0.0000000
000000000)0000000000000000000000DFOO000000
0d=1.00000000type200 OMK=200000 OFig.10 KXADOOOOOOODO
O0000000000000DO KXADODOODOODOO d=DF=0.0000000 d=1.0 0
000000 (0)0000000000000Typel,Type30 000000000000
0000000000000 0000000CVODO0000-000000000000
0000000000000000000000000000000000000000
0D000 OTypel,Type30 000000000000 0000000000000000O
0DF=0.00000000000000000 ty,, 00000 ume, 000000000
00000 Table 320 0000000000000 OFigs50000

Table 3.2 tmae (0 ), Umin(O); (z,y) of Typel,2,3 for CV and Crank-N with [DF=0.0]

other k=d=1.0
MK,MK1,MKM | method 2,1,1(Type2) 1,1,1(Typel) | 2,2,2(Type3)
Ui cv 20.6202; (5,8) 20.6595; (6,8) | -0.4823; (5.5,8)
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Uman Cranc-N | 0.8849; (1,10)[6220] | 0.1133; (5,2) | 0.1088; (5.5,2)
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Table 3.3 tmaz(0 ), Umin(D); (z,y) of Type3,4,5 for CV and Crank-N with
k=d=1.0=const.[DF=1.0]

MEK,MK1,MKM | method | 1,1,2(Type4) 2,2,2(Type3) 2,2,1(Typeb)
Ui CV | -0.2813; (5.5,8) | -0.2824; (5.5,8) | -0.3540; (6,8)
Ui Cranc-N | -3.3216; (7,10) | -0.2824; (5.5,8) | -3.7849; (4,10)
Umas CV | 0.1778; (5.5,3) | 0.1793; (5.5,3) | 0.2158; (5,3)
Umas Cranc-N | 3.7161; (7,3) | 0.1793; (5.5,3) | 4.1360; (4,3)

Table 3.4 Umaz (0 ), Umin(O); (z,y) of Type3,4,5 for CV and Crank-N with [DF=0.0]

other k=d=1.0
MEK,MK1,MKM | method | 1,1,2(Type4) 2,2,2(Type3) | 2,2,1(Typed)
Ui CV | -0.5106; (5.5,8) | -0.4823; (5.5,8) | -0.6216; (6,8)
Unmin Cranc-N | -1.5880; (7,3) | -0.4823; (5.5,8) | -1.8265; (4,3)
Urmas CV | 0.1007; (5.5,2) | 0.1088; (5.5,2) | 0.1242; (5,2)
Umas Cranc-N | 1.9896; (7,10) | 0.1088; (5.5.2) | 2.1939; (4,10)
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Table 5.1 CPU Performance for 2001,2008 PC (DF=1.0,MJ=MK=5 equally Mesh)

PC MJ=MK | N | A(MB) | GLU(sec) | GLUR(s)
Pen3, 933MHz, 256MB 5 2700 | 58 | 335[1.0] | 860[2.6]
Pend, 3.20GHz, 2GB 5 2700 | 58 | 25 [L.0] | 151[6.0]
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Table 5.2 Solver performance for MJ(mesh size equally) DF=0.0

Umaz(C) | N | A(MB) | AR(MB) | BGLU(s) | GLU(s) | GLUR(s) | ER(%)
1 | -0.6595 | 0.1133 | 100 | 0.08 0.02 0. 0. 0. 178
2 | -0.4823 | 0.1088 | 420 1.4 0.14 0. 0. 0. 103
5 | -0.2880 | 0.0825 | 2700 58 2.2 0. 24 187 21
7 | -0.2682 | 0.0793 | 5320 | 226 6 0. 184 3520 12
15 | -0.2427 | 0.0749 | 24600 | 4841 59 2 - - 1.9
20 | -0.2374 | 0.0739 | 43800 | 15347 140 4 - - 0.0
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Fig.14 MJ dependence of tin, Umer DF=0.0(equally mesh)
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Table 5.3 Solver and using memory(equally mesh)

type matrix solver A (Byte) N(M=10-MJ)
Gauss | Nonsym GLU 8-N? (10-MJ)(11-MJ-1)
Gauss | Nonsym GLUR 8-N? (10-MJ)(11-MJ-1)
Gauss | Nonsym BGLU 8-(2M +1)- N | (10-MJ)(11-MJ-1)
[teration | Sym ICCG12 85N (10-MJ)(11-MJ-1)
[teration | Nonsym | BCGSTB12 8-9N (10-MJ)(11-MJ-1)

Table 5.40 ODF=0.000 0 0 0 00ICCG120 SCGSTB120 000 O tpmin, Umee D 0 0
(00)000000000000000000CVO000000000 ADO)O ICCGI2

00000000000 0-00000000000000 A(0DODO)0 BCGSTB120 0O
ooooooooooooMJOOOODoOOobOooobooO A0 AROOOQOooo
O0000000 BCGSTB1200000000000 MJ=1090000000

Table 5.4 Tteration Solver and using Memory for MJ(mesh size equally) DF=0.0

MJ | Upmin(C) | Umaz(C) N A(MB) | AR(MB) | ICCG12(MB) | BCGSTB12(MB)
5 | -0.2880 | 0.0825 | 2700 58 2 0.1 0.2

7 | -0.2682 | 0.0792 | 5320 226 6 0.2 0.4

15 | -0.2427 | 0.0749 | 24600 4841 59 1 2

24 | -0.2347 | 0.0734 | 63120 31873 242 3

30 | -0.2320 | 0.0729 | 98700 78000 474 4 7

60 | -0.2267 | 0.0719 | 395400 | 1250729 | 3799 16 29

109 | -0.2244 | 0.0714 | 1305820 | 13641326 | 22763 52 94

00000000 Ax=bOOOOOO BCGOOOOOODDOODODOOOATz*=0b*00
OO0000000obooo cGUobooouoobooboooooBCcGOOoOoOoDbDOoOO
Oobo0oOooboooooboobooLuooooonD iccGog 200 ceuooonn
OO0000b0DOoO0ooOoooIccGrzuonooonobono BEGSTB13 OO ooooOooO
0 0BCGSTB12/BCGSTB130 CPUO O OO 1.2000000BCGSTB130 000 LU
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00 (MJO=MKDO)O0OOOOOODOOOOOO CPUDD (sec) 00000 O Table 5.5
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Table 5.5 Solver performance:CPU time(sec) for MJ(mesh size equally) DF=0.0

meth. | MJ [ N [ICCG12(s)[MB] | BCGSTB12(s)[MB] | GLUR(s) | GLU(s) | BGLU(s)
CV | 30 | 98700 1 [4] 03 [7] - - -
CV | 60 | 395400 5 [16] 060 [29] - - -
CV | 109 | 1305820 52 [52] 0 145 [94] - - -
Cr-N | 5 | 2700 x 0. [0.2] 187 24 0.
Cr-N | 7 | 5320 x 0. [0.4] 3520 184 0.
Cr-N | 15 | 24600 x 0. [2] - - 2
Cr-N | 24 | 63120 x 1 [5] - - 9
Cr-N | 30 | 98700 x 3 [7] - - -
Cr-N | 60 | 395400 x 24 [29] - - -
Cr-N | 109 | 1305820 x 159 [94] - - -

00 DF=00000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000

MJ1=MJ2=MKM(O 0 0O0000)

MKleJM:%MJl

MK:MJ:MJ?):iMJl
O000OTable5.60 0DF=0.00 00000000 MJI(DOODO0O0O0O)00000O0OO
ooooooooobooooobocpvboboooooon
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Table 5.6 Solver performance:CPU time(sec) for MJ1(Not equally mesh) DF=0.0

meth. | MJ1 | N [ ICCG12(s)[MB] | BCGSTB12(s)[MB] | GLUR(s) | GLU(s) | BGLU(s)
CV | 150 | 1093652 45 [44] 0 122 [79] - - -
CV | 164 | 1309950 68 [52] 0 146 [94] - - -
Cr-N | 19 | 5600 x 0. [0.4] 5456 216 0.
Cr-N | 35 | 57720 x 1 [4] - - 9
Cr-N | 150 | 1093652 x 134 [79] - - -
Cr-N | 164 | 1309950 x 204 [94] - - -

Table .60 000 0O000O0O0O0OOODODOODODOOOOOOODODLOOODODOODODO
00000000000 (000000000) 000000000 oOoOoDoOoooooo
Ooboooboo0bo0o0boooboboobobboboooboobObTableb.70ODOOO
00 (DF=0.0000)0Table 5,70 000 OMJ1=MJOOO 00000000 OMJ1#£MJ
O00Db00b0obobObooOOoOoOoDoBCGSTB3OOOOOODOODOoOoOocCcvoooooo
OO000000 AODO00OOOOoOooOooDO BeGSTBOOOOOOOOODDOOOD
goggobogobobuoogobobbogoo

Table 5.7 Solver performance and precision for MJ1,MJ(mesh variation) DF=0.0

meth. | MJ1 | MJ N ICCG12(s) | BCGSTBI2(s) | BCGSTB13(S) | min(C) | thmas(C)
CV | 109 | 109 | 1305820 52 0 145 0 145 -0.2244 | 0.0714
Cr-N | 109 | 109 | 1305820 x 159 124 -0.2244 | 0.0714
Cr-N | 150 | 37 | 1093652 x 134 129 -0.2241 | 0.0712
Cr-N | 164 | 41 | 1309950 x 204 167 -0.2239 | 0.0712
CV | 150 | 37 | 1093652 44 0 122 0 110 -0.2241 | 0.0712
CV | 164 | 41 | 1309950 69 0 145 0 145 -0.2239 | 0.0712

Table 570000 000OO00ODOODOOOOODOOODOO0OOO0OOODODO0ODLOOO
DDDDDDDDDDDMJ1:164,MJ:iMlelllDDDDDDDDDDDDD U Upmin U
goooooboooobooboboboobboobboo MJ=109000 020000000
gbobouogbbdgoboooggbbobooobobboooogouoboogoooboon
cePUO0O0O0OO0O0OO0OO0ODOOOO0OODODODODOUODOODDODOUOODOMITI=150, MJ=370
OOooooooooMJ=10900200000 ceUOOOOOD2000000000O0
000000000000 MJ1=164000000 01%000000 (Table 5.8)0

Table 5.8 Solver performance and precision for MJ1,MJ(mesh variation)
DF=0.0(Crank-N)

method | MJ1 | MJ N BCGSTB12(s) Unnin (C) Unaz(C)
Crank-N | 109 | 109 | 1305820 [1.0] 159[1.0] -0.2244[0.2%)] | 0.0714
Crank-N | 150 | 37 | 1093652 [0.8] 134[0.8] -0.2241[0.1%] | 0.0712
Crank-N | 164 | 41 | 1309950[~ 1.0] 204[1.3] -0.2239 [0.0%] | 0.0712
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