GSMAC

Mass lumping and data reconstruction in GSMAC FEM

Mass lumping is often carried out in order to avoid calculating the inverse of large total mass matrix after discretizing
Navier-Stokes equation by FEM, but causes important problem when the size of satellite elementsis not equal. In this
study we indicate that the location where mass is lumped is different from node and think about the solution by using
data reconstruction which consists of estimating center of gravity in dual element and correcting the data at center of
gravity in dual element to that at node. We verify that data reconstruction is effective method by analyzing advection
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diffusion equation numerically and adopt the method into GSMAC FEM.

Navier-Stokes
GSMAC
<1)
1
Galerkin
( )
1
(1 )1
| (fu) @
Tt ix ﬂx
2
RILETR L, 2
It x x
f u n
10 (,73F  +(21,/3) U |i|(2| 13F,+(1,/3%,.,0
<£> _2i R 2] 1, b
t/; L, L
2 2
|1ﬂfa+|zﬂf_b |11Tf_a+|zﬂf_ ) 3
_2 9t 2 qt _3q9 31t @gaéig
L, L Lo &Mt g
Ly 2 =+ = 9
2 2 3 3
<ﬂ(fu)> :-(f_u)B_ (_U)A
W/ Ll
2 2
fiui+f|+u|+ fU +fi-u|
_ > 1-i+] > 17i-1 @T(fu)g (4)
Ll e X gg
2 2

|_1ahAf|-f|-12+|_2ath|+l_fig
<u£>=2 L & 2 L, &
/i Ll
2 2
Lgfto  Lallo
_2& Txg, 26 X@B@gaaﬂg
Lol & Tx gy
2 2
&fiﬂ'fig H|'f|19
v\ _ & & 1§
>/, Ll
2 2
Ao o
_ Eem &g & TFO
=n I [ @g|—2_
L4z x* g
2 2
N; (x)
3N, fx
(1), =%
Q N, dx

1 +
Xg2:X|+E(I2_ 1):X 2X
1 + 2% +

Element

|
N 1

Dual element
L1+2)/2

Fig. 1 Elements and dual element

D11-4>

©)

(6)

@)

®
©)

(10)

Copyright © 2001 by JSCFD



g
(@A
Tl o
Tt 71x),
UTf 7 9%), g
(1F 79x),  TTF 7).
g3
L9t 1, 9f,
@ i o S o (1
Tt/ Lyl it
2 2
ot o _ alfu)o & 1%0 (12)
é Mt g & g0 x? g,
2.
et gg e Tx g, g X ggs
I @lu)e 210 (14)
it e Tx gge § x* gg
i 26
oo gl I (15)
t e X @42 x [593
(1) [ g
2 t
(©)]
(4) tn+l
@ @ (2
) 2 3
G1 O On 2 [
t
f‘n+1
n+1 ,?\
|
|
F"">K"{"""""|
i f.”: 1 i
n PR T ,
Ji1 i g; g’+1 *

Fig. 2 Time marching by using data reconstruction
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Tab. 1 Caculation condition
Case 1 Case2 Case 3 Case4 Case 5 Case 6 Case7 Case 8
Mesh Mesh 1 Mesh 2 Mesh 2 Mesh 3 Mesh 1 Mesh 2 Mesh 2 Mesh 2
Element number 12 12 12 12 24 24 24 24
o 2.0 40 20 40
A Xmin 8.333x 1072 3.096x 102 8.841x 10° | 6.250x 102 | 4.167x 1072 1.419x 1072 3.691x 10° 3.125x 10
At 1.0x 10* 1.0x 10* 1.0x 10° 1.0x 10* 1.0x 10* 1.0x 10° 1.0x 10°® 1.0x 10*
Time step number 1.0x 10° 1.0x 10° 1.0x 10 1.0x 10° 1.0x 10° 1.0x 10* 1.0x 10° 1.0x 10°
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-3-

Copyright © 2001 by JSCFD



relative errol

relative error

relative error

relative error

relative errol

relative error

4.0E-01
® Case A
3.0E-01 o Case B | s
& Case C 5
2.0E-01 54
®
o ©
1.0E-01 =
°
e o
= [
0.0E+00 2 L2 Be
01 02 03 04 05
X
4.0E-01
4 Case A
3.0E-01 © CaseB s
4 Case C 5
2.0E-01 2 4
° =
s
° s
1.0E-01
lx o
<
2 » ae
0.0E+00 L L A . L
00 01 02 0.3 04 05
X
(b) Case 3
4.0E-01
4 Case A
3.0E-01 © Case B |+ -
a Case C E
2.0E-01 L
° o
1.0E-01 =
o
Ae .a
0.0E+00 a N i R L
01 02 0.3 04 05
X
Fig. 4 The evaluation of 9%
6.0E-02
50602 * Case A
e Case B =}
4.0E-02 a Case C 5
@
3.0E-02 2
©
2.0E-02 * ©
.
1.0E-02 -
.
0.0E+00 A A /e 1 b 1_A® 1
0.0 01 0.2 03 04 05
X
6.0E-02
° -
5.0E-02 Case A
© Case B 5
4.0E-02 A CaseC H E
@
3.0E-02 =
®
2.0E-02 o °©
1.0E-02 Py
o
a
-
0.0E+00 'evfo—ts 4
00 01 02 03 04 05
X
6.0E-02
50602 ® Case A |
© Case B =
4.0E-02 a case C [H e
> o
3.0E-02 2
o ° s
2.0E-02 <
1.0E-02
0.0E+00 Ad Ae
0. 01 02 0.3 04 05
X

(c) Case4

2.5E-01
® Case A
2.0E-01 ° Case B
A Case C
1.5E-01
1.0E-01
5.06-02 |2
o
°
-3 29 o
oosroo LE2RAA S 2 g o
00 01 02 03 0.4 05
X
25E-01
® Case A
2.0E-01 o Case B
a
15E-01 Case C
1.0E-01
o
5.0E-02
° o
28 & S
0.0E+00 2 o Lo
0.0 01 02 03 04 0.5
X
2.5E-01
20E-01 ® Case A
i © Case B
° a
15E-01 - Case C
° °
°
1.0E-01
o
5.0E-02 - =
- = I P 3
0.0E+00 = o rte
01 0.2 0.3 04 05
X
2 —
/ﬂx at t=0.0
256-02
& Case A
208-02 — o Case B
a Case C
1.5E-02
1.0E-02
5.0E-03 o o °
o © °
00E+00 Laaa R A8 .o o
00 01 02 03 0.4 0.5
X
2.5E-02
& Case A
208-02 4 o case B
a Case C o
156-02 o
1.0E-02 5
5.0E-03 ©-
o ° [
0.0E+00 R y I 2 I -
00 01 02 03 04 05
X
25E-02
e Case A
2OE02 [ o Case B
o
A Case C N
1.5E-02 4
° o
1.0E-02
o
5.0E-03 0
0.0E+00 A oA NS e O [
0.0 0.1 0.2 03 0.4 05

Fig. 5 Theevaluation of % /qx* at t=0.1

X

(f) Case 8

Copyright © 2001 by JSCFD



0.50
Exact
0.40 ®  Mass lumping /_Df—’_'n.
0.30 /
0.20 /
0.10
0.00 N N N N
0.0 0.1 0.2 03 0.4 0.5
X
(8 Case 1
0.50
Exact
0.40 7| @ Mass lumping y
©  Reconstruction /O/_/_’_(
0.30 /
0.20 /
0.10
0.00 N N N N
0.0 0.1 0.2 0.3 0.4 0.5
X
(b) Case 2
0.50
Exact
0.40 [—| ® Mass lumping 1
O Reconstruction /—’—’_‘
0.30 /
0.20 /O/
0.10
0.00 L L L L
0.0 0.1 0.2 0.3 0.4 0.5
X
(c) Case3
0.50
Exact
040 || ® Mass lumping
O Reconstruction )/_/o/—ff’_()
0.30 /D/
0.20 /
0.10
0.00 N N N N
0.0 0.1 0.2 0.3 04 0.5
X
(d) Case 4

relative error relative error relative error

relative error

5.0E-02

w s
o o
I
o o
NN

N
o
m
|
o
N

1.0E-02

0.0E+00

® Mass lumping  H

0.0

5.0E-02

4.0E-02

3.0E-02

2.0E-02

1.0E-02

0.0E+00

5.0E-02

4.0E-02

3.0E-02

2.0E-02

1.0E-02

0.0E+00

01

0.2 0.3 0.4 0.5

(a) Casel

® Mass lumping

O Reconstruction ||

oe
® Qg

0.0

0.1

0.2 0.3 04 05
X

(b) Case 2

® Mass lumping

© Reconstruction [

00

0.0

5.0E-02

4.0E-02

3.0E-02

2.0E-02

1.0E-02

0.0E+00

0.1

0.2 0.3 0.4 0.5

X
(c) Case 3

@ Mass lumping

O Reconstruction

0.0

0.2 0.3 0.4 0.5

(d) Case 4

Fig. 6 The comparison between mass lumping and data reconstruction
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Fig. 7 The comparison between mass lumping and data reconstruction
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Tab. 2 Calculation condition

Casel Case2 Case3 Cased Case5 Caseb Case’ Case8
Mesh Meshl Mesh2 Mesh2 Mesh3 Meshl Mesh2 Mesh2 Mesh2
Element number 12 12 12 12 24 24 24 24
a —_ 2.0 4.0 JE— JEE 20 40 R
A Xmin 8.333x 102 3.096x 1072 8.841x 107 | 6.250x 102 [ 4.167x 1072 1.419x 107 3.691x 1073 3.125x 1072
At 10x 10* 10x 10* 1.0x 10* 10x 10* 10x 10* 10x 10* 10x 10° 10x 10*
Time step number 4.0x 10° 40x 10° 4.0x 10° 40x 10° 4.0x 10° 40x 10° 40x 10* 40x 10°
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Fig. 8 The comparison between mass lumping and data reconstruction
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Fig. 9 The comparison between mass lumping and data reconstruction
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