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// Program to solve 2D convection-diffusion problem
// using DRP-SUPG finite element model
/*****k**t*t*****************************************% . -

// Author : Neo Shih-Chao Kao

AL EAALALAASALEEAESEEEAEEEEEEEELEEEERREE ettty

#include <iostream>
#include <fstream>
#include <iomanip>
#include <cmath>

using namespace std ;

#include "FEM_variables.h" // FEM2D header file
‘#include "FEM_DRP_SUPG.cpp" // DRP_SUPG model

D R R s 2 e
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#include "AXB_solver.cpp" // linear system solver
#include "FEM_tools.cpp" // including files
int main(){ // Finite element code to solve CD equation
21 .
22 /*******************************************************:k*****!*/
23
24 // First open the file Idata to read some mesh parameter and diffusivity
25 ifstream Finput("Idata.dat") ; :
26 Finput >> melem ;
27 Finput >> mpoin ;
28 Finput >> mtotv ;
29 Finput >> kappa ;
30 Finput.close() ;
31
32 /********************‘k************1{*****************************/
33
34 // Allocate the meomry
35
36 nadfm = new int{[mpoin] ;
37 nodfm = new int([mpoin] ;
38
39 lboud = new int[mpoin] ;
40 reabc = new int [mpoin] H
41 bcnod = new int [melem*nnodp] ;
42 boudv = new double[mtotv] H
43
44 cordx = new double[mpoin] ;
45 cordy = new double([mpoin] ;
46
47 uvely = new double[mpoin] ;
48 vvely = new double[mpoin] ;
49
50 egphi = new double[mtotv] ;
51 eqrhs = new double(mtotv] ;
52 matmx = new double[melem*msize] ;
53
s 54 lnods = new int[melem*nnodp] ;
55
56 shadl = new double[melem*360] B
= 57 shad2 = new double[melem*162] i
T 58
59 // Setting all data for finite element calculation
- 60 . .
Y61 Setting_data( melem , mpoin , mitotv , kappa , cordx ,
62 . cordy , uvely , vvely , lnods , bcnod ,
63 reabc , nadfm , nodfm , shadl , shad2 ,
¢ 64 lboud , boudv ) ;
65
66 // Solve the convection diffusion equation
67 -
68 Solve( melem mpoin , mtotv , cordx cordy ,
69 uvely vvely , kappa , lnods nadfm ,

70 nodfm : bcnod , lboud , boudv : shadl ,
71 shad2 , matmx ', eqphi , eqrhs )

73 // Output the mesh file
75 Te:c360_CDR( melem , mpoin , cordx , cordy , egphi , lnods ) ;
77 // pause the program

79 system("pause");
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/*

* The header file to define the variables used in
* the finite element code

*/

#include <iostream>
#include <fstream>
#include <iomanip>
#include <cmath>
int 1, j ;

int nnodp = 9 ;
int nnodl = 4 ;
int nevab = 9 ;
int msize = 81 ;

int melem ;
int mpoin ;
int mtotv ;

int *1lnods
int *bcnod

// The DOF

int *nadfm ;
int *nodfm ;

of node

// Boundary condition

int

int

double
double
double
double
double
double

double
double

double
double

double

*reabc
*1boud
*boudv

kappa

*cordx
*cordy
*uvely
*yvely

*eqphi
*eqrhs

*shadl
*shad2

*matmx

i
i

;

i

i

H

H

x-directional coordinate
y-directional coordinate
x-directional velocity vector
y-directional velocity vector

solution vector
right hand side vector

store the interpolation and its lst derivative function
store the 2nd derivative interpolation function

int isize = sizeof (int ) i

int dsize

sizeof (double) ;
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FEM_DRP_SUPG. cpp
*/

double ABS(double x){

if( x >= 0.0 ) return x ;
if( x < 0.0 ) return -x ;

void Tau2D_SUPG( double locau , double locav , douyble eledx ,

double eledy , double *artdf )({
/=== oo

// Routine to get the stabilized parameter tau in
// DRP-SUPG model

double alph , beta ;

double alphax , betax ;

double alphay , betay ;

double vmagn ; // The square of the magnitude of velocity
double pi = 3.14159265359 ;

vmagn = locau*locau+locav*locav ;

if ( ABS(locau) > le-15 ){

alph = (8.0-3.0*pi)/(-22.0+6.0%pi)

beta = 0.5 ;

[/ == e

alphax = (alph*locau*eledx)/(2.0*vmagn) ;
betax = (beta*locau*eledx)/(2.0*vmagn) ;

}

if ( ABS(locav) > le-15 ){
alph = (8.0-3.0*pi)/(-22.0+6.0*pi) ;
beta = 0.5

[/ = '
alphay = (alph*locav*eledy)/(2.0*vmagn) ;
betay = (beta*locav*eledy)/(2.0*vmagn) ;

}

artdf (0] = alphax + alphay ; // 1

artdf(2) = alphax + alphay ; // 3

artdf([4]) = alphax + alphay ; // 5

artdf([6] = alphax + alphay ; // 7

artdf(l] = betax + alphay ; // 2

artdf([5] = betax + alphay ; // 6

artdf (3] = alphax + betay ; // 4

artdf (7] = alphax + betay ; // 8

artdf (8] = betax + betay ; // 9
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void Tec360_mesh( int melem , int mpoin , double cordx[] ,

double cordy(] , int lnods([] ){

int ipoin , jpoin , ielem ;
int nnodp = 9 i
/****************************ﬁ********************************ﬁﬂ*/

/* Set the file head title

/***k*****************it******t*******f**************************/

ofstream Oufile("Mesh2D.plt");

Oufile.setf(ios::fixed) ;
Oufile.precision(15) ;

/**k**********k*****************************ﬂ******************k*/
Oufile << " Variables = X , Y " << endl;
Oufile << " Zone N = " << mpoin << " E = " << 4 * melem << endl;

Oufile << " Datapacking=point, Zonetype=fequadrilateral" << endl;
/******k*************************************************k*******/

for .( ipoin = 0 ; ipoin < mpoin ; ipoin++ ){
Oufile << cordx[ipoin] << " " << cordyl[ipoin] << endl ;
}

for ( ielem = 0 ; ielem < melem ; ielem++ ){

Oufile << lnods[ielem*nnodp+0] << " " << lnods[ielem*nnodp+l] << " *
<< lnods(ielem*nnodp+8] << " " << lnods[ielem*nnodp+7] << endl;

Oufile << lnods[ielem*nnodp+l] << " " << lnods[ielem*nnodp+2] << " "
<< lnods[ielem*nnodp+3] << " " << lnods[ielem*nnodp+8] << endl;

Oufile << lnods([ielem*nnodp+8] << " " << lnods[ielem*nnodp+3] << " "
<< lnods[ielem*nnodp+4] << " " << lnods[ielem*nnodp+5] << endl;

Oufile << lnods[ielem*nnodp+7] << " * << lnods[ielem*nnodp+8)] << " "
<< lnods[ielem*nnodp+5] << " " << lnods[ielem*nnodp+6] << endl;
}

Oufile.close();

void Tec360_CDR( int melem , int mpoin, double cordx([], double cordyl],

double eqgphi[], int lnods[] ){

int ipoin, jpoin, ielem ;
int nnodp = 9 ;

/***f****************************f*******************************/

/* Set the file head title

/********f*******************************************************/

ofstream Oufile("CDR2D_FEM.plt");

Oufile.setf(ios::fixed) ;
Oufile.precision(8) H

/****************************************************************/
Oufile << " VARIABLES = X, Y, U " << endl;

Oufile << " ZONE N = " << mpoin << " E = " << 4 * melem << endl;
Oufile << " DATAPACKING=POINT, ZONETYPE=FEQUADRILATERAL" << endl;

/****************************************************************/
for ( ipoin = 0 ; ipoin < mpoin ; ipoin++ ){

Oufile << cordx[ipoin] << " " << cordyl[ipoin] << " "
<< egphi[ipoin] << endl ;
}

for ( ielem = 0 ; ielem < melem ; ielem++ ){

Oufile << lnods[ielem*nnodp+0] << " " << lnods[ielem*nnodp+1l] << " "
<< lnods[ielem*nnodp+8] << " " << lnods[ielem*nnodp+7] << endl;
Oufile << lnods[ielem*nnodp+l] << " " << lnods[ielem*nnodp+2] << " "

<< lnods([ielem*nnodp+3] << " " << lnods[ielem*nnodp+8] << endl;

Oufile << lnods[ielem*nnodp+8] << " " << lnods[ielem*nnodp+3] << " "

<< lnods[ielem*nnodp+4] << " " << lnods([ielem*nnodp+5] << endl;
Oufile << lnods[ielem*nnodp+7] << " " << lnods[ielem*nnodp+8] << " "
<< lnods[ielem*nnodp+5] << " " << lnods[ielem*nnodp+6] << endl;

Oufile.close() ;
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1
-2 #include <iostream>
3 #include <fstream>
T4 #include <iomanip>
5 #include <cmath>
- 6
.7 using namespace std ;
8
9 int f2c( int f_index ){
10
11 == e
12 // Routine to translate the index
13 /==
14 // Note :
15 // In Fortran, the index starts from 1
16 // In C/C++ , the index starts from 0
17 J ] = e e
18
19 int c_index ;
20 c_index = f_index-1 ;
21 return c_index ;
22 }
23
24 J A e o e o o o o S e e e e
25 J A R e o e S e b b b b b b ok T o b T o T S A Ep S A Ay A
26
27 void Gauss( double *gpt , double *wet ){
28
29 /===
30 // Routine to define the Gaussian point and
31 // weighted factors
32 R
33
34 gpt[0] = 0.7745966692 ;
35 gpt[1l] = 0.0000000000 ;
36 gpt(2] = -0.7745966692 ;
37 [/ == e
38 wet [0) = 0.5555555556 ;
39 wet[1) = 0.8888888889 ;
40 wet[2]) = 0.5555555556 ;
41 }
42
43 F A e o S o o T S SR S R T T s
44 J A e e o B B S R R T R T ey
45
46 void shap9( double *phi , double *dndxi , double *dndyi ,
47 double xi , double eta ){
48
49 /] = e e o
50 // Routine to define the biquadratic interpolation
51 // function, the order of interpolation is as follows
52 [ = e
53 // phi : Interpolation function
« 54 // dndxi : dN/dxi
55 // dndyi : dN/deta
56 [ = e -
- 57 1/
. 58 /1 7= 6--—-- 5
59 // | | |
- 60 // | | |
T 61 // 8----- 9----- 4
- 62 /7 | | |
63 // | | |
- 64 /17 1----- p— 3
65 //
66 [ = e e e
67
68 double x, y, XX, YY, XY, XXY, XYY, XXYY ;
69 :
70 X = xi ;
71 Y = eta H
72 XX =X * X ;
73 Yy =y *y
74 Xy =X *y ;
75 XXy = XX *y ;
76 Xyy =X *yy;
77 XXYY = XX * yy ;
78
79 // The biquadratic interpolation function
80
81 phi[0] = 0.25 * ( xy - XYYy - XXY + XXYY)
82 phi[l] = 0.50 * (-y + yy + XXy - XXyy) ;
83 phi[2] = 0.25 * (-Xy + Xyy - XXY + XXyY) ;
84 phi(3] = 0.50 * ( X + XX - XYy - XXyy) ;
85 phif4] = 0.25 * ( Xy + Xyy + XXy + XXyy) ;
86 phi[5] = 0.50 * (y + yy - XXY - XXyV) ;
87 phi[6] = 0.25 * (-Xy - XyYy + XXy + XXyy) ;
88 phi[7] = 0.50 * (-X + XX + XYYy - XXYyy)
89 phi(8] = 1.00 -xx - yy + XXyy ;
90
91 // The biquadratic interpolation function w.r.t xi
92
93 dndxi[0] = (0.25*( y-yy)) + (0.5*(-xy+xyy)) ;
94 dndxi[l]) = Xy - Xyy . H
95 dndxi[2] = (0.25* (-y+yy)) + (0.5*(-xy+xyy)) ;
96 dndxi[3] = (0.5*( 1.0-yy)) + X - Xyy ;
97 dndxi[4] = (0.25*( y+yy)) + (0.5*( xy+xyy)) ;
98 dndxi[5] = -xy - Xyy ;
99 dndxi[6) = (0.25*(-y-yy)) + (0.5*( xy+xyy)) ;
100 dndxi[7])] = (0.5*(-1.0+yy)) + X - Xyy ;
101 dndxi[8] = 2.0*(-x+xyy) ;
102
103 // The biquadratic interpolation function w.r.t eta
104
105 dndyi[0] = (0.25*( x-xx)) + (0.5*(-xXy+xxy)) ;
"~ 106 dndyi[l] = (0.5*(-1.04xxX)) + Yy - XXy ;
- 107 dndyi(2] = (0.25*(-x-xx)) + (0.5%( xy+xxy)) ;
T 108 dndyi[3] = -xy - XXy H
. 109 dndyi(4] = (0.25*%( x+xx)) + (0.5%( xXy+xxy)) ;
" 110 dndyi(5] = (0.5*( 1.0-XX)) + y - XXy H
. 111 dndyi[6] = (0.25*(-x+xX)) + (0.5*%(-xy+Xxy)) ;
- 112 dndyi[7] = xy - XXy ;
. 113 dndyi[8) = 2.0* (-y+Xxy) i
14

115 } // end Shap9 subroutine
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void shap4 ( double *phi , double *dndxi, double *dndyi,
double xi , double eta ){

// Routine to define the bilinear interpolation
// function, the order of interpolation is as follows

// phi : Interpolation function
// dndxi : dAN/dxi
// dndyi : dN/deta

J]—==mmmmmm e mmmm—mmmm— oo m— oo ————ooooo——os—oooses
7/

// 4----- et 3

/! | | |

/1! | | |

// +---=- === +

/! | | |

/! | | |

1/ 1----- - 2

7/

[/ ====mmmmmm e mmmmmmm—m—m oo oo oo s——o-oo-o—ooossmosos
double x, Yy, XY ;

x = xi ;

y = eta ;

Xy =X *Yy i

/**x*x* ghape function value ******/

phi[0] =0.25 * (1.0 - x -y + Xy ) i
phi[1l] =0.25 * (1.0 + Xx -y - XY ) ;
phi[2] = 0.25 * (1.0 + X + Y + Xy ) ;
phi(3] =0.25 * (1.0 - X +YyY - Xy ) ;

/***%x%x* Derivative shape function w.r.t xi ****¥*/

dndxi[0] = 0.25 * ( -1.0 +y ) ;
dndxi[l1] = 0.25 * ( 1.0 -y ) ;
dndxi[2] = 0.25 * ( 1.0 +y ) ;
dndxi[3] = 0.25 * ( -1.0 -y ) ;

/****x%x Derivative shape function w.r.t eta ****¥*/

dndyi[0] = 0.25 * ( -1.0 + x ) ;
dndyifl] = 0.25 * ( -1.0 - x ) ;
dndyif2] = 0.25 * ( 1.0 + x ) ;
dndyi(3] = 0.25 * ( 1.0 - x ) ;

}

J 2 AR R S s bbb i
T R e i D Bl b bt

double Jacob( double *dndxi , double *dndyi , double *elexx ,
double *eleyy , double *Jmat , double *Jinv ) {

// Routine to compute
// 1. Jacobian matrix
// 2. The determinant of Jacobian matrix
// 3. The inverse of the Jacobian matrix

int ndime

int nnodp

int 1 , J ;

double Jdet ;

// Initialize the Jacobian and its inverse matrix

for (1 =0
Jmat [1]

Jinv([i]
} // end i-loop

; i < ndime*ndime ; i++ ){ // start i-loop
0.0 ;
0.0 ;

nu

// Compute the Jacobian matrix

+
// | Jmat(0),Jmat (1) |
= |

for (i =0 ; i < nnodp ; i++ ){ // start i-loop
Jmat [0] += elexx[i) * dndxi[i] ;
Jmat [1] += eleyy[i] * dndxil(i] ;
Jmat [2] += elexx[i] * dndyili] ;
Jmat [3] += eleyyli] * dndyili] ;
} // end i-loop

Jdet = Jmat[0] * Jmat[3) - Jmat(1l] * Jmat(2] ;

// Compute the inverse of Jacobian matrix

Jinv[0] = Jmat(3] / Jdet ;
Jinv[3] = Jmat(0) / Jdet ;
Jinv[1l] = -Jmat[l]) / Jdet ;
Jinv[2] = -Jmat (2] / Jdet ;

} // end Jacob subroutine

2 2 S A T L L bk b i
J S R L ki bl bt AL

double GeoTensor2( double *dndx2 , double *dndy2 , double *dndxy
double *elexx , double *eleyy , double *Jmat2 ){




HEZE: C:\Users\Aidan\Desktop\CFD_C_code\FEM_DRP_SUPG_CD_1D_2D_code\2D_code\src\FEM_tools.cpp

2017/4/12, 11:24:44 F4

231
~232
233
234
235

- 236

237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283

.284
285
286

- 287

288
289
290

291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335

".336

-337

- 338

339
=340
341
. 342
343
344
345

int i ;
int nnodp = 9 ;

// Compute the Jacobian matrix

// Jmat2[0] : d”2x/dxi~2
// Jmat2[1l] : d~2x/det"2
// Jmat2([2] : d”2x/dxideta
// Jmat2[3] : d"2y/dxi~2
// Jmat2(4] : d"2y/deta”2
// Jmat2[5] : d*2y/dxideta

for (i =0; i< 6 ; i++ ) Jmat2[i] = 0.0 ;

for (1 =0 ; i < nnodp ; i++ ){ // start i-loop
Jmat2[0] += elexx[i] * dndx2([i] ;
Jdmat2[1] += elexx[i] * dndy2[i])
Jmat2[2]) += elexx(i] * dndxyl[i]
Jmat2(3] += eleyy([i] * dndx2[i])
Jmat2 (4] += eleyy(i] * dndy2[i]
Jmat2[5] += eleyy(i] * dndxy[il]

} // end i-loop

} // end Jacob subroutine

J e A AT
J A e R e b b b T S AR AT RS AT SRR AT AT ST AT RO,

void Find_FEM_nadfm_nodfm( int melem , int mpoin , int *nadfm , int *nodfm ){
int ipoin ;
for ( ipoin = 0 ; ipoin < mpoin ; ipoin++ ){
nodfm(ipoin] = 1 ;
nadfm(0] =1 ;
for ( ipoin = 1 ; ipoin < mpoin ; ipoin++ ){
nadfm{ipoin] = nadfm(ipoin-1] + nodfm[ipoin-1] ;
} // end Find_FEM_nodfm_nadfm subroutine

J A R e R R b T S AR I ST AU NI A RF R TOT R RTRra
A R R R R R R b i o o o S N SRS S S A A Sr SRR

void Find_Reabc( int melem , int mpoin , int *bcnod , int *reabc ){

/= m -
// Routine to find the degree of repeated boundary node
[

int nnodp = 9

int ipoin , jpoin
int ielem

int templ , temp2
int n

[/ == initialization -------------

for ( ipoin = 0 ; ipoin < mpoin ; ipoin++ ){
reabc[ipoin] = 0 ;
} // end inodp loop

for ( ipoin = 1 ; ipoin <= mpoin ; ipoin++ ){ // start ipoin-loop
templ = ipoin ;
n=20;
// Get the number of boundary node

for ( ielem = 0 ; ielem < melem ; ielem++ ){
for ( jpoin = 0 ; jpoin < nnodp ; jpoin++ ){
temp2 = bcnod[(ielem*nnodp)+jpoin] ;
if ( templ == temp2 ) n += 1 ;
} // end jpoin-loop

} // end ielem-loop

reabc[f2c(ipoin)] = n ;

} // end ipoin-loop
} // end Find_reabc subroutine

R R R R R R R R R b b T S AR OO PO
J A R R A o S b o o b b o o o S S S S S A S S AR ST S A GRS

int Find_local( int ielem , int bcdof , int *1lnods ){

int nnodp = 9 ;
int inodp ;
int jnodp ;
int locat ;

for ( inodp = 0 ; inodp < nnodp ; inodp++ ){ // start inodp-loop
if ( bcdof == lnods[ielem*nnodp+inodp] )
locat = inodp+l ;
} // end if-statement
} // end inodp-loop
return locat ;
} // end Find_local subroutine

AR R S R e L R L LT T T T
J R L b T T T TR

void LU_solver( double **A , double *b , double *x , int mpoin ){

[ e .
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346 double M ;
+347
348 ] =
' 349 // eliminate procedure
350 [ = m e
T 351
352 for (i =0 ; i < mpoin-1 ; ++1i ){ // start for loop 1
353 for ( j = i+1 ; j < mpoin ; ++j ){ // start for loop 2
354 M = A[3)[i)/A0i) (1]
355 A(j1(i) = 0 ;
356 for (1 = i+41 ; 1 < mpoin ; ++1 ){ // start for loop 3
357 A[3111) = A[3)[1] - M * A[i][1];
358 } // end for loop 3
359 bljl=b[jl1-M*b[i];
360 } // end for loop 2
361 } // end for loop 1
362
363 /) mmm oo -
364 // backward substitition
365 [ e e
366
367 x[mpoin-1] = blmpoin-1]/A[mpoin-1] [mpoin-1];
368 for ( j = mpoin-2 ; j >= 0 ; --3j ){ // start for loop 4
369 x[j] = b(3] ;
370 for ( 1 = mpoin-1 ; 1 >= j+1 ; --1 ){ // start for loop 5
371 x[3) = x[3)-x[(11*A(F)(1];
372 } // end for loop 4
373 x[3]1 = x[3)1/A[3)([3];
374 } // end for loop 5
375 } // end subroutine
376
377 //++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
378 J A R e L & b b T T e R A S T R R R T TR TR RTIT TR TR O
379
380 void Drivelst( int melem , int mpoin , double *cordx , double *cordy
381 int *lnods , double *shadl ) {
382
383 = e o
384 // Routine to compute the total value of interpolation
385 // function, derivative functions and the integration
386 // weighted factors under all Gaussian point
387 [ = e -
388
389 /************************************‘k****************/
390 int ngaus = 3 ; // The number of Gaussian gquadrature
391 int nnodp = 9 ; // The number of biquadratic interpolation function
392 int nnodl = 4 // The number of bilinear interpolation function
393 int ndime = 2 ;
394 int igaus , jgaus , lgaus ;
395 int inodp , jnodp , ielem ;
396 int inodl , jnodl , id ;
397 int indl , ind2 , gapl , gap2 ;
398 int idnum([9] ;
+399 int idime i
400 int kgapa , kgali ;
401 int ngapa , ngali , igapa , igali ;
_402 /******f*********************************************/
~403 double xeqiv // The x-direction Gaussian quadrature point
404 double yeqiv // The y-direction Gaussian quadrature point
405 double gpt[3] // The Gaussian quadrature points
“406 double wet [3] // The Gaussian quadrature weighted factors

408 double eleyy (9] // The y-coordinate of an element

407 double elexx[9] ; // The x-coordinate of an element
409 double Jmat [4] ; // The Jacobian matrix

410 double Jinv[4] // The inverse of Jacobian matrix
411 double Jdet // The determinant of Jacobian matrix
412 double templ
413 double temp2
414 /*******f*******k************************************/
415 double phil([9]) , dndx1([9] , dndyl([9]) ; // biquadratic
416 double phi2 (4] , dndx2(4) , dndy2(4] ; // bilinear
417 /****************************************************/
418 double cartp(2](9] ;
419 double cartl(2] (4] ;
420 double shapg(81] , carpgl2][81] ;
421 double shalg(36] , carlgl(2][36] ;
422 double areaw(9] B
423 /*********k***************ﬂ*************************/
424
425 // Get the Gaussian point and weighed factor
426
427 Gauss( gpt , wet ) ;
428
429 // Compute the value of interpolation and derivative
430 // functions for each element
431
432 for ( ielem = 0 ; ielem < melem ; ielem++ ){ // start ielem-loop
433 for ( inodp = 0 ; inodp < nnodp ; inodp++ ){ // start inodp-loop
434
435 [ mmmm e e
436 // Get the datas of "ielem"-th element
437 /)= -
438 // Note : Since the mesh generator code is written using Fortran
439 /7 The index of array in Fortran starts from 1, but the
440 // index of array C++ start from 0. It is why the following
441 /7 index minus 1
442
443 elexx[inodp] = cordx[lnods((ielem*nnodp)+inodp]-1] ;
444 eleyylinodp]) = cordy(lnods[(ielem*nnodp)+inodp]-1] ;
445
446 } // end inodp loop
447
448 // Gaussian quadrature integration
449
450 lgaus = 0 ;
-.451
-452 // Start Gaussian integration index
- 453
454 for ( igaus = 0 ; igaus < ngaus ; igaus++ ){ // x-dir Gaussian quad.
=455 for ( jgaus = 0 ; jgaus < ngaus ; jgaus++ ){ // y-dir Gaussian quad.
7456
. 457 /* Gaussian quadrature time + 1 */
458
T 459 lgaus += 1 ;

460
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/* Get the Gaussian quadrature point */

»
]
Q
Aol
<
[[]]

gpt [igaus] ; // x-directional
gpt [jgaus] ; // y-directional

// Substitute the Gaussian point into shape functions
shap9( phil , dndxl , dndyl , xeqiv , yeqiv ) ;

// Compute the Jacobian matrix, inverse

Jacob( dndxl , dndyl , elexx , eleyy , Jmat , Jinv ) ;
// Compute the determinant

Jdet = Jmat[0] * Jmat([3] - Jmat[l] * Jmat(2] ;

JEEEH KKK A KKK KA KKK KKK KKK KKK KK IR KKK IRk khhkk ok khkkkkk /

/* Compute the coordinate transform
/*****************************************************/

/* dN1 dN9 dn1 dN9
/* ___________ & ___________
/* dx dx dy

JEEEE KK A KKK KK KA KKK KKK KKK I I KKK I KKK I XA KKK ARk Kk kKA Kk Kk hk [

for ( idime = 0 ; idime < ndime ; idime++ ){ // start idime-loop

// x-direction

if ( idime == 0 ){
templ = Jinv[0] ;
temp2 = Jinv[1l] ;

}

// y-direction

if ( idime == 1 ){
templ = Jinv([2] ;
temp2 = Jinv[3] ;

}

for ( inodp = 0 ; inodp < nnodp ; inodp++ ){ // start inodp-loop
cartp(idime] [inodp)=templ*dndxl [inodp]+temp2*dndyl [inodp] ;
} // end inodp loop
} // end idime loop

// Compute dxdy = Jdet * dxi * deta
areaw[lgaus-1] = Jdet * wet([igaus] * wet[jgaus] ;
/*****************************************************t**k******/

/* Store the shape function and its derivative function values */
/**ﬂ*****i***********************’(******************************/

for ( inodp = 0 ; inodp < nnodp ; inodp++ ){ // start inodp-loop

L
// Lgaus = 1 => kgapa = 0 ~ 8

// Lgaus = 2 => kgapa = 9 ~ 17

/7 | |

// Lgaus = 9 => kgapa = 71 ~ 80

F

kgapa = (lgaus-1) *nnodp+inodp ;

// store shape functions
shapg(kgapal = phil[inodp] ;

// store Derivative shape functions

carpg[0] [kgapa) = cartp(0] [inodp] ;
carpg[l] [kgapa] = cartp[l][inodp]

} // end inodp-loop

// Substitute the Gaussian point into shape functions

shap4 ( phi2 , dndx2 , dndy2 , Xeqiv , yeqiv ) ;

JREEEH A KA A KKK I A KKK KKK KA KKK KKK I I KK KKK A KKk KAk kA Rk Kk k)

/* Compute the coordinate transform
/**i***********************************!**************/

/* dn1 dn4 dnN1 dN4
/* ___________ & ——mm— o~
/* dx dx dy

JREEEE A A KA KKK A KA KKK KKK I X KK KKK KKK IR KK I Ak Kk kA kAR A kKK [

for ( idime = 0 ; idime < ndime ; idime++ ){ // start idime-loop

if ( idime == 0 ){
templ = Jinv (0]
temp2 = Jinv(1] ;

if ( idime == ) {
templ = Jinv([2] ;
temp2 = Jinv[3]

}

for ( inodl = 0 ; inodl < nnodl ; inodl++ ){ // start inodl-loop
cartl[idime] [inodl] = templ*dndx2[inodl]}+temp2*dndy2(inodl] ;
} // end inodl-loop
} // end idime-loop

F e i
// Store the bilinear interpolation function and its
// derivative interpolation shape functions

[ = m e
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T- 681
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683
684

Tt 685

686
687
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for ( inodl = 0 ; inodl < nnodl ; inodl++ ){ // start inodl-loop

[/ == mmm e s s mmm—m oo
// Lgaus = 1 => kgali = 0 ~ 3

// Lgaus = 2 => kgali = 4 ~ 7

// [ |

// Lgaus = 9 => kgali = 32 ~ 35

[/ =mmmmmmmmm e

kgali = (lgaus-1)*nnodl+inodl ;

// Linear interpolation function
shalglkgali] = phi2(inodl] ;

// Derivative interpolation functions

carlg[0][kgali] = cartl([0][inodl] ;
carlg(l](kgali] = cartl(1l](inodl] ;

} // end inodl loop
} // end jgaus loop
} // end igaus loop

// write the all data to array

ngapa = 81 ;
ngali = 36 ;
gapl = 243 ;
gap2 = 108 ;
/************************************************************/
/* [1] Store the biquadratic interpolation function and */
/* derivative interpolation function after substituting */
/* the Gaussian quadrature points */

/************************************************************/
indl = 0 ;

for ( igapa = 0 ; igapa < ngapa ; igapa++ ){
ind2 = indl + igapa * 3 ;
shadl[(ielem*360)+ind2+0]
shadl[(ielem*360)+ind2+1]
shadl[(ielem*360)+ind2+2]
} // end igapa loop

carpg (0] [igapa] ;
carpg (1] [igapa] ;
shapg [igapal ;

o

/*****************y**********************************************/

/* [2] Store the bilinear interpolation function and derivative */
/* interpolation function after substituting the Gaussian */

/* quadrature points */
/****************************************************************/

indl = gapl ;

for ( igali = 0 ; igali < ngali ; igali++ ){
ind2 = indl + igali * 3 ;
shadl [ (ielem*360)+ind2+0] = carlg(0][igalil] ;
shadl[(ielem*360)+ind2+1) = carlg(l]([igali] ;

shadl[(ielem*360)+ind2+2] shalg[igali) ;
}
/*********************************************************/
/* [3] Store the inegration weighted factors */

/*********************************************************/
indl = gapl + gap2 ;

for ( igaus = 0 ; igaus < ngaus*ngaus ; igaus++ ){
ind2 = indl + igaus ;
shadl[(ielem*360)+ind2] = areaw[igaus] ;
} // end igaus loop
} // end ielem loop
} // end Drivelst subroutine

J A b b i T e
T L T b o o 0 o o 2 o o o 2 S A R

void mixg9( double *dndxx , double *dndyy , double *dndxy
double xi , double eta ) {

double x , y ;

X
Yy

F R it
// Second derivative w.r.t xi

xi
eta ;

o

dndxx[0] =
dndxx[1] =
dndxx[2] =
dndxx (3] =
dndxx[4] =

*

dndxx[5]
dndxx[6]
dndxx[7]
dndxx[8]
F Sttt bbbl bbbl

*

DR KKRKR PR
O * % * *+ O *

dndyy (0] =
dndyy (1] =
dndyy (2] =
dndyy[3] =
dndyy[4] =

* % k|
* *
OO #X * * * X *

DX XXX XXX
e

dndyy [5]
dndyy (6]
dndyy [7]
dndyy [8]

o~
'
XX

dndxy[0] = 0.25 - 0.5 * x - 0.5 * y + xX*y ;
dndxy (1] = x - 2.0 * x * vy

i
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"+ 800

801
802
803
804
805

dndxy [2]
dndxy (3]
dndxy (4]
dndxy [5]
dndxy (6]
dndxy [7]
dndxy [8]
T e ittt

}

[ T T {1 B 1A

-0.25 - 0.5 * x + 0.5 *y + xX*y
-y - 2.0 * x *y
0.25 + 0.5 * x + 0.5 * y + xX*y
-x - 2.0 * x *
-0.25 + 0.5 * x - 0.5 * y + xX*y
y - 2.0 * *y

*

X
4.0 * x Y

J A R R I T o o ot e b o o
Y R Bt S o R o o b o o o

void Drive2nd( int melem , int mpoin , double *cordx , double *cordy ,

int *lnods , double *shad2 ){

e
// Routine to compute the total value of interpolation
// function, derivative functions and the integration
// weighted factors under all Gaussian point

[/ -=mmmmm e m e ——o—m—m———m— -

/**********a******************************************/

int
int
int
int
int
int
int
int
int
int
int
int

ssize
ngaus
nnodp
nnodl
ndime
igaus
inodp
inodl
indl

idime

3
3 ; // The number of Gaussian quadrature
9 ; // The number of biquadratic interpolation function

nnnn

4 ; // The number of bilinear interpolation function
2

, jgaus , lgaus H

, jnodp , ielem ;

, jnodl , id ;

, ind2 , gapl , gap2 ;

kgapa , kgali
ngapa , ngali , igapa , igali
/***********************************************t****/

double xeqiv ; // The x-direction Gaussian quadrature point
double yeqiv ; // The y-direction Gaussian quadrature point
double gpt[3] ; // The Gaussian quadrature points

double wet [3] ; // The Gaussian quadrature weighted factors
double elexx[9) ; // The x-coordinate of an element

double eleyy[9] ; // The y-coordinate of an element

double Jmat[4] ; // The Jacobian matrix

double Jinv(4] ; // The inverse of Jacobian matrix

double Jdet ; // The determinant of Jacobian matrix

double templ ;

double temp2 H

/************x**********x***************************i/

double phil[9] , dndx1[9] , dndyl([9] ; // biquadratic
double dndxx(9) , dndyyl[9] , dndxy[9] ;

double dxdxi , dxdet , dydxi , dydet ;

double dxdxi2 , dydxi2 , dxdet2 , dydet2 , dxdxe , dydxe ;

double dndx , dndy ;

JREK KKK KKKK KRR KKK KKK IRk ke ke k ok ok ok kk kK kK kK kK Kk /

double
double

double
double

cartpl[2](9]
carpgl([2](81] ;

cartp2(3](9]
carpg2[3][81)

JRAKE KK KKK KKK KKK KKK KK KKK Ik h kX ko hhhkkhkkk kK kK kKKK k k)

//double A[3][3] ;

double **A = (double**)malloc(sizeof (double*)*3);
for (i = i
Ali] =

}

0 ; 1< 3 ; i++ ){

(double*)malloc(sizeof (double) *3);

double x[3] ;
double b[3] ;

JREK KKK KR KKK KKK XAKKK KKK KN Ahh ko ko kkkkk kK kK ko kk ]

// Get the Gaussian point and weighed factor

Gauss( gpt

, wet )

// Compute the value of interpolation and derivative
// functions for each element

for ( ielem = 0 ; ielem < melem ; ielem++ ){ // start ielem-loop

for ( inodp = 0 ; inodp < nnodp ; inodp++ ){ // start inodp-loop
[/ mmmmm e mm—
// Get the datas of "ielem"-th element
[/ == mmm e m e e

// Note : Since the mesh generator code is written using Fortran

// The index of array in Fortran starts from 1, but the

// index of array C++ start from 0. It is why the following
// index minus 1

elexx[inodp] = cordx[lnods|(ielem*nnodp)+inodp]-1] ;

eleyylinodp] = cordy(lnods[(ielem*nnodp)+inodp]-11] ;

} // end inodp loop

// Gaussian quadrature integration

lgaus =

0 ;

// Start Gaussian integration index

for ( igaus = 0 ; igaus < ngaus ; igaus++ ){ // x-dir Gaussian quad.
for ( jgaus = 0 ; jgaus < ngaus ; jgaus++ ){ // y-dir Gaussian quad.

/* Gaussian quadrature time + 1 */

lgaus += 1 ;
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/* Get the Gaussian quadrature point */

Xeqiv = gptligaus) ; // x-directional
= gptljgaus] ; // y-directional

veqiv

// Substirute the Gaussian point into mixed derivative interpolation

// function

mixq9( dndxx , dndyy , dndxy , Xeqiv , yeqiv ) ;

// Substitute the Gaussian point into shape functions

shap9( phil , dndxl , dndyl , xeqiv , yeqiv )

i

Jinv ) ;

// start inodp-loop
dn2x/dxin2
d~2y/dxi~2
d"~2x/deta”2
d~2y/deta”2
d~2x/dxideta

// Compute the Jacobian matrix, inverse

Jacob( dndxl , dndyl , elexx , eleyy , Jmat

F e ittt

dxdxi = Jmat[0] ;

dydxi = Jmat (1] ;

dxdet = Jmat[2] ;

dydet = Jmat([3] ;

dxdxi2 = 0.0 ;

dydxi2 = 0.0 ;

dxdet2 = 0.0 ;

dydet2 = 0.0 ;

dxdxe = 0.0 ;

dydxe = 0.0 ;

for ( inodp = 0 ; inodp < nnodp ; inodp++ ) {
dxdxi2 += elexx[inodp] * dndxx([inodp] ; //
dydxi2 += eleyylinodp] * dndxx([inodp) ; //
dxdet2 += elexx[inodp) * dndyylinodp] ; //
dydet2 += eleyyl(inodp] * dndyylinodp] ; //
dxdxe += elexx[inodp] * dndxy([inodp] ; //
dydxe += eleyyl[inodp] * dndxy[inodp] ; //

} // end inodp-loop

d~2y/dxideta

VAda AR AR AR AR AL ERREERESEREEEEEEEREEEEREEEsEis st

/* Compute the coordinate transform
/*****************************************************/

dnN9

/* dN1 dnN9 dn1
/¥ ————= o~ == & —=m=—— ~ —————
/* dx dx dy

a

[ I I I KKK KKK KKK KKK KKK KKK KKK K KKK KK I I A KK IR KKK KXk * )

for ( idime

= 0 ; idime < ndime ;

// x-direction

if ( idime == 0 ){
templ = Jinv[0] ;
temp2 = Jinv([1l] ;

}

// y-direction

if ( idime == 1 ){
templ = Jinv(2] ;
temp2 = Jinv[3] ;

for ( inodp = 0 ; inodp < nnodp ;

idime++ ){ // start idime-loop

inodp++ ){ // start inodp-loop

cartpl[idime] [inodp]=templ *dndx1 [inodp] +temp2*dndyl[inodp] ;
} // end inodp loop
} // end idime loop

[

L[ L { | (e 1}

for ( inodp

b[0])=dndxx[inodp] -cartpl [0] [inodp] *dxdxi2-cartpl [1] [
b[1l])=dndyy[inodp]-cartpl (0] [inodp] *dxdet2-cartpl [1] [inodp] *dydet?2
b([2]=dndxy [inodp] -cartpl[0] [inodp] *dxdxe -cartpl[1l]]

*
*
.0 * dxdxi *
*
*

dxdxi
dydxi

dxdet
dydet

2.0 * dxdet *
dxdxi * dxdet
dydxi * dydet
dxdxi * dydet

= 0 ; inodp

dxdxi
dydxi
dydxi
dxdet
dydet
dydet

+ dxde

i
i
i
i
H
i
i
H
t

* dydxi

;

< nnodp ; inodp++

// Solve the small linear system

LU_solver( A , b , x ,

cartp2[0] [inodp]=x[0]
cartp2[1] [inodpl=x[1]
cartp2([2]) [inodpl=x[2]

} // end inodp-loop

VASARARAREAREEEERS SRR SRR S Rttt

/* Store the shape function and its derivative function values */
/*************t*****&*************************t*k****kkﬂ*ﬂ***t*t/

for ( inodp

// Lgaus
// Lgaus

= 0 ; inodp
1 => kgapa
2 => kgapa
9 => kgapa

i

i

ssize ) ;

// AN/dx2
// dN/dy2
// dN/dxy

) {

nnodp ; inodp++ ){ // start inodp-loop

kgapa = (lgaus-1) *nnodp+inodp ;

inodp] *dydxi2 ;

inodp] *dydxe
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// store Derivative shape functions

carpg2 (0] [kgapa]
carpg2[1] [kgapa]
carpg2[2] [kgapal

= cartp2([0] [inodp] ;
= cartp2(1][inodp] ;
= cartp2[2] [inodp] ;

} // end inodp-loop

} // end jgaus loop
} // end igaus loop
// write the all data to array
ngapa = 81 ;
gapl = 243 ;
/************************************************************/
/* Store the 2nd derivative biquadratic interpolation */
/* function under the all Gaussian quadrature points */

J R K K KKk Kk K KK KK KK KK KK KKK KKK KA KKK KK KK I K Ik KKKk KKk KKk kK kK kK k k[

indl

=0 ;

for ( igapa = 0 ; igapa < ngapa ; igapa++ ){
ind2 = indl + igapa * 3 ;

shad2([(ielem*243)+ind2+0]

carpg2 (0] [igapa) ;

shad2([(ielem*243) +ind2+1] ; carpg2(1l] [igapal ;

shad2[(ielem*243)+ind2+2]

} // end igapa loop

} // end ielem loop
} // end Drive2nd subroutine

carpg2(2] [igapal ;

J e et T o T T
J A b o o i A A

void Drive2nd_02( int

melem , int mpoin , double *cordx , double *cordy ,
int *1lnods , double *shad2 ){

J it it
// Routine to compute the total value of interpolation
// function, derivative functions and the integration
// weighted factors under all Gaussian point

[[=mmmmmmmmm e e m e —eemmmmmmm e oo

JEEE KK KKK KKK F I A KK KKK KA KKK A KKK IR KA kK Ik Kk ko khkkhk ok k)

// The number of Gaussian quadrature
// The number of biquadratic interpolation function

// The number of bilinear

int ssize = 3 ;
int ngaus = 3 ;
int nnodp = 9 ;
int nnodl = 4 ;
int ndime = 2 ;
int igaus , jgaus
int inodp , jnodp
int inodl , jnodl
int indl , ind2
int idime

int kgapa , kgali

int ngapa , ngali ,
/********************3\'*******************************/

double
double
double
double
double
double
double
double
double
double
double
double

xeqiv
veqiv
gpt (3]
wet [3]

elexx([9]
eleyy (9]

Jmat (4

]

Jmat2[6]

Jinv(4
Jdet
templ
temp2

]

i
H
i
H
i
i
i
;
i
H
i

//

interpolation function

lgaus H
ielem i
id ;
gapl , gap2 H
igapa , igali ;

The
The
The
The
The
The
The

The
The

x-direction Gaussian quadrature point
y-direction Gaussian quadrature point
Gaussian quadrature points

Gaussian quadrature weighted factors
x-coordinate of an element
y-coordinate of an element

Jacobian matrix

inverse of Jacobian matrix
deternminant of Jacobian matrix

i
JREKEHA KKK KKK F A K IK KA KK IR KA F AKXk Ik kK k ok /

double
double
double

double
double
double

double
double
double
double

double
double
double

double
double
double

phil(9

]

dndx1 (9]
dndel [9]

dndx2([9]
dnde2 (9]
dndxe (9]

dxdxl
dxdel
dydx1
dydel

dxdx2
dxde2
dxdxe

dydx2
dyde2
dydxe

H
i

H

H
H

i

//
/7

/1
//
//

dx
dx
dy
dy

dN/dxi
dN/deta

d~2N/dxin2
d”2N/deta”2
d~2N/dxideta

/dxi
/deta
/dxi
/deta

d~2x/dxin2
d~2x/deta”2
d~2x/dxideta

dr2y/dxin2
d~2y/deta”2
d~2y/dxideta

JEEEEE KKK KKK KKK KA KK II KA K KKK XK I AR K I A Ak k Sk hhk Kk k ko kK /

double
double

double
double

cartpl[2
carpgl[2

cartp2(2
carpg2 (2

Nt
10

1
1

9
8
9
8

]
1]

]
1]

i
i
i
i

JEAK A KK A KKK KKK F KA K I I KKK I I I Ik K IR KKK AR ANk kk ok k)

// Get the Gaussian point and weighed factor

Gauss (

gpt

wet )

H

// Compute the value of interpolation and derivative
// functions for each element

for (i

for ( inodp

elem =

0

i

ielem < melem ; ielem++ ){ // start ielem-loop

inodp

< nnodp ; inodp++ ){ // start inodp-loop
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1069
1070
1071
1072
1073
1074
1075
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1077
1078
1079
1080
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1087
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"1089
1090
1091
1092
1093
1094

. 1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
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1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150

1/
/7
//
/1
/!
//

el
Y /7

Get the datas of "ielem"-th element

Note : Since the mesh generator code is written using Fortran
The index of array in Fortran starts from 1, but the
index of array C++ start from 0. It is why the following
index minus 1

elexx[inodp] = cordx[1nods [ (ielem*nnodp) +inodp])-11 ;

eyy [inodp] cordy[lnods[(ielem*nnodp)+inodp]—l] ;

end inodp loop

// Gaussian quadrature integration

lgaus = 0 ;

// Start Gaussian integration index

for

for ( jgaus

( igaus = 0 ; igaus < ngaus ; igaus++ ){ // x-dir Gaussian quad.
- 0 ; jgaus < ngaus ; jgaus++ ){ // y-dir Gaussian quad.

/* Gaussian quadrature time + 1 */
lgaus += 1 ;

/* Get the Gaussian gquadrature point */

gpt [igaus] ; // x-directional
gpt [jgaus] ; // y-directional

<
0]
Q
-
<
won

// Substirute the Gaussian point into mixed derivative interpolation
// function

mixq9( dndx2 , dnde2 , dndxe , xeqiv , yeqiv ) ;

// Substitute the Gaussian point into shape functions

shap9( phil , dndxl , dndel , xeqiv , yeqiv ) ;

// Compute the Jacobian matrix, inverse

Jacob( dndxl , dndel , elexx , eleyy , Jmat , Jinv ) ;

// Compute the 2nd derivative geometric tensor

GeoTensor2( dndx2 , dnde2 , dndxe , elexx , eleyy , Jmat2 ) ;
// Compute the determinant

Jdet = Jmat (0] * Jmat (3] - Jmat([1l] * Jmat(2] ;

[/ ==mmmmmmmmmmm oo — oo ———-oCoooo-oSooTooooTos
dxdxl = Jmat[0] ;

dydxl = Jmat[1l] ;

dxdel = Jmat[2] ;

dydel = Jmat[3] ;

dxdx2 = Jmat2(0] ; // d*2x/dxi~2
dxde2 = Jmat2(1] ; // d*2x/deta”2
dxdxe = Jmat2[2) ; // d"2x/dxideta
dydx2 = Jmat2([3] ; // d*2y/dxi~2
dyde2 = Jmat2(4] ; // d"~2y/deta’2
dydxe = Jmat2(5] ; // d~2y/dxideta

/**********************t********************k*********/

/* Compute the coordinate transform
/****************kk***********************************/

/* d~2N1 d~2N9 d~2N1 d~2N9
/* &
/* ax”2 ax”~2 dy"2 dy"2

/*****************************************************/

// Compute the lst derivative function first

for ( idime = 0 ; idime < ndime ; idime++ ){ // start idime-loop
// x-direction
if ( idime == 0
templ = Jinv(0] ;
temp2 = Jinv([1] ;
}
// y-direction
if ( idime == 1 ){
templ = Jinv([2] ;
temp2 = Jinv([3] ;

for ( inodp = 0 ; inodp < nnodp ; inodp++ ){ // start inodp-loop
cartpl[idime] [inodp] = templ * dndx1[inodp] +
temp2 * dndel(inodp] ;
} // end inodp loop
} // end idime loop

// Compute the 2nd derivative function

for ( idime = 0 ; idime < ndime ; idime++ ){ // start idime-loop
for ( inodp = 0 ; inodp < nnodp ; inodp++ y{ // start inodp-loop

// idime = 0 --> d"2N/dx"2

// idime = 1 --> d"2N/dy"2

if ( idime == 0 )

cartp2(idime] [inodp] = ( dndx2 [inodp] *dydel *dydel +

dnde2 [inodp) *dydx1*dydxl +
dndxl[inodp]*(dydel*dydxe—dydxl*dydez)+
dndel[inodp]*(dydxl*dydxe—dydel*dydx2)—
2.0*dndxe [inodp) *dydx1l*dydel ) / Jdet ;

}

else

cartp2[idime] [inodp]

dndx2 [inodp] *dxdel *dxdel +
dnde2 [inodp] *dxdx1*dxdx1l +
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1197
1198
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1200
1201
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1205
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“1207

1208
1209

1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255

T- 1256

1257
1258
1259

T+ 1260

1261
1262
1263
1264
1265

}

dndx1 [inodp] * (dxdel*dxdxe-dxdx1l*dxde2) +
dndel [inodp] * (dxdx1*dxdxe-dxdel *dxdx2) -

2.0*dndxe[inodp) *dxdx1*dxdel ) / Jdet ;
}
} // end inodp loop
} // end idime loop

/**********************f****************************************/

/* Store the shape function and its derivative function values */
/*******************************************t*********k********t/

for ( inodp = 0 ; inodp < nnodp ; inodp++ ){ // start inodp-loop

J/==mmmmmmmmmm—m—m—m—————————o—oooooe
// Lgaus = 1 => kgapa = 0 ~ 8

// Lgaus = 2 => kgapa = 9 ~ 17

/! | |

// Lgaus = 9 => kgapa = 71 ~ 80
[/-=mmmmmmmmmmmem——mmm—m——— oo
kgapa = (lgaus-1)*nnodp+inodp ;

// store Derivative shape functions

carpg2 (0] [kgapa) = cartp2(0] [inodp] ;
carpg2[1] [kgapa] = cartp2[1l] [inodp] ;

} // end inodp-loop

} // end jgaus loop
} // end igaus loop

// write the all data to array

ngapa = 81 ;

/*******************************t****************************/

/* Store the 2nd derivative biquadratic interpolation */
. /* function under the all Gaussian quadrature points */

/*****************************t******************************/
indl = 0 ;

for ( igapa = 0 ; igapa < ngapa ; igapa++ ) {
ind2 = indl+igapa*2 ;
shad2 [ (ielem*162)+ind2+0]
shad2 [ (ielem*162)+ind2+1]
} // end igapa loop

carpg2(0] [igapa] ;
carpg2(l] [igapal ;

} // end ielem loop
// end Drive2nd_02 subroutine

[ R R e S L bl b b Sl b AR
S R bt S h D b b b e A

void deg_u( int *usequ ){

}

usequ (0]
usequ(l]
usequ (2]
usequ (3]
usequ (4]
usequ (5]
usequl[6]
usequ(7]
usequ(8]

oUW O

LT T (T [ | R 1 B 1 I 1}

A S AR L L E bbb b b S
2 R S R e kb bl bt

void Matrix_Galerkin( int jelem , double *cordx , double *cordy , double *elexx ,
double *eleyy , double *elecx , double *elecy , double kappa ,
int *nadfm , int *nodfm , int *1boud , double *shadl ,

) {

double *matmx , double *lorhs

e
// Routine to compute the element matrix using DRP-SUPG model

// Variable

// - cordx : The global x-component coordinate
// - cordy : The globla y-component coordinate
/7 - elexx : The x-component coordinate in an element
// - eleyy : The y-component coordinate in an element
// - ielem : The element index
/7 - kappa : The diffusivity

// - elecx : The x-component velocity in an element
// - elecy : The y-component velocity in an element
// - 1lboud : The boundary indicator

/7 - pboudv : The value of boundary condition
// - matmx : The gloabl fluid matrix
// - lorhs : The local right hand side
/] == mmm e m e e e — oo oSoooosoooooooos
int nnodp = 9 ;

int nnodl = 4 ;

int nevab = 9 ;

int lgaus = 9 ;

int msize = 81 ;

int i, j ., k , idime , jdime ;

int igaus , inodp , jnodp ;

int kgapa , kgali , kpoin ;

int ievab , jevab , bcdof ;

int indl , ind2 , gapl , gap2

int igali , igapa , ngapa , ngali ;

int irow , jcol , usequl9] ;

int templ , temp2 ;

int itotu , redof ;

J it e
double shapi // Ni

double shapj // Nj
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1295
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1301
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1305
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1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
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1351
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1355
1356
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1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
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1372
. 1373
-. 1374
1375
1376
1377
1378
1379
1380

double caryj ; // dNjdy
double darea ; // |J|*dxi*deta

double shalg[36], carlg(2]([36], shapg(81], carpg(2](81];
double shappl9] , cartp[2](9] , shapll4] , cartl (2] (4] ;
double areaw(9] ;

double flumx[nevab] [nevab] ;

double diff ; // diffusion term
; // convection term
; // stabilized term (conv)
double stabd ; // stabilized term (diff)
i ; // Viscosity
; // x-directional element length
; // y-directional element length
; // The source term

// Get the number of variables

deg_u( usequ ) ;

ngapa = 81 ;

ngali = 36 ;

gapl = 243 ;

gap2 = 108 ;

//========== [1] B P 4R T AR SR B S B P B ==========
indl = 0 ;

for ( igapa = 0 ; igapa < ngapa ; igapa++ y{ // start igapa-loop
ind2=indl+igapa*3 ;

shadl[(ielem*360)+ind2+0];
shadl[(ielem*360)+ind2+1];
shadl[ (ielem*360)+ind2+2];

carpg (0] [igapa]
carpg[l] [igapal
shapg[igapa]

} // end igapa-loop

== (2] EUHHERVETZAR BB RE ==========
indl = gapl ; // 243

nwonon

for ( igali = 0 ; igali < ngali ; igali++ ){
ind2=indl+igali*3 ;
carlg[0](igalil
carlgll](igali]

shalg(igalil
} // end igali loop

//========== [3] ERHFEOIHE ==========
indl = gapl+gap2 ; // 351

shadl[ (ielem*360)+ind2+0];
shadl[ (ielem*360)+ind2+1];
shadl([ (ielem*360)+ind2+2];

for ( igaus = 0 ; igaus < lgaus ; igaus++ ){
ind2=indl+igaus ;
areaw[igaus] = shadl[(ielem*360)+ind2+0] ;
} // end igaus loop

//************************************************

for ( ievab = 0 ; ievab < nevab ; ievab++ ){

for ( jevab = 0 ; jevab < nevab ; jevab++ ) {
flumx[ievab] [jevab] = 0.0 ;

} // end jevab loop

} // end ievab loop

//*x**********«***********************************

for ( igaus = 1 ; igaus <= lgaus ; igaus++ ) {
/***** Get the integration weight factor KEKE K/
darea = areaw[igaus-1] ;
Jernen FRFFHEN—4H—4ERR ST BEFF I TEOTTAR SRS S gy * >+ /

for ( inodp = 0 ; inodp < nnodp ; inodp++ ){

cartp(0] [inodp] = carpgl0] [kgapal ;
cartpll] [inodp] = carpg (1] [kgapal ;
shapp [inodp] = shapg[kgapal ;

/
} // end inodp loop

locau = 0.0 ;
locav = 0.0 ;
locax = 0.0 ;
locay = 0.0 ;

for ( inodp = 0 ; inodp < nnodp ; inodp++ ) {
locau += shapplinodp]*elecx([inodp] ;
locav += shapplinodp]*elecy[inodp] ;
locax += shapplinodp] *elexx[inodp] ;
locay += shapplinodp]*eleyy(inodp] ;
} // end inodp loop
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void Matrix_DRP_SUPG( int ielem double *cordx

// diffusivity coefficient
visco = kappa ;

for ( inodp = 0 ; inodp < nnodp ; inodp++ ) {

/****************************************/
shapi shapp[inodp] ; // Ni

carxi cartp(0] {inodp] ; // dNidx

caryi = cartpl(l][inodp] ; // dNidy

/****************************************/

// weighted function

weigi = shapi ;

// local row index

irow = usequlinodp]

for ( jnodp = 0 ; jnodp < nnodp ; jnodp++ ) {
// local column index
jcol = usequljnodp] ;

/********************#*******************/

shapj = shapp[jnodp] ; // Nj
carxj = cartp(0][jnodp] ; // dNjdx
caryj = cartp(l)[jnodp] ; // dNjdy

/****************************************/

// Compute the diffusion term
diff = kappa * ( carxi * carxj + caryi * caryj ) * darea ;
// Compute the convection term
conv = shapi * ( locau * carxj + locav * caryj ) * darea ;
// Add the convection and diffusion term to the matrix
flumx[irow] [jcol]l = flumx[irow][jcol] + diff + conv ;
} // end jnodp loop
} // end inodp loop
} // end igaus loop
s it kot o et e
// Modify the matrix if necessary
S R S Rt b LR b b b bt e
for ( inodp = 0 ; inodp < nnodp ; inodp++ ){
// Take the number label of boundary

becdof = bcnod[ielem*nnodp+inodp] ;

// Boundary number label = 0 --> Interior node
// _-> It does not need to fix matrix

if ( becdof == -1 ) continue ;
// Take the degree of repeatation of node
redof = reabc(bcdof-1] ;

// Translate the global node number to local node number and use it
// to find the corresponding row location of elementary matrix

templ = Find_local( ielem , bcdof , lnods ) ;
// Take the dof

itotu = nadfm{bcdof-11 ;

)] ===mmmmmmm——mmm—— - oo s o —————-oooo——oomes
// Modify the matrix
J[==mmmmmmmmm——mmmmm oo - oo ——m———--o-o-omes
if ( lboud[itotu-1] == 1) {

temp2 = usequ[templ-1] ;
for ( ievab = 0 ; ievab < nevab ; ievab++ ){ // start ievab-loop
flumx [temp2]) [ievab] = 0.0 ;
} // end ievab-loop
flumx [temp2] [temp2] = 1.0 / redof ;
}
} // end inodp-loop

/] THESERE flumx ERGEB—ERETEE matmx

k=0;
i
for ( ievab = 0 ; ievab < nevab ; ievab++ ){
for ( jevab = 0 ; jevab < nevab ; Jjevab++ ) {

matmx [ielem*msize+k] = flumx[ievab](jevab] ;

k += 1 ;
}
}
J/-=mm=mmmmmmmmmm—m——— s — oo oo -—-s--oo-o-ooosm-ooooo

} // end Matrix subroutine

J AR AS R R L LS bbb S
J 2 AR S AR R LS bbb A

B , double *cordy , double *elexx
double *eleyy , double *elecx , double *elecy , double kappa
int *nadfm , int *nodfm , int *1boud , double *shadl
double *shad2 , double *matmx , double *lorhs ){

'

’
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F et e i
// Routine to compute the element matrix using DRP-SUPG model

// Variable :
- cordx : The global x-component coordinate

// - cordy : The globla y-component coordinate
// - elexx : The x-component coordinate in an element
// - eleyy : The y-component coordinate in an element
// - jelem : The element index
// - kappa : The diffusivity

// - elecx : The x-component velocity in an element
// - elecy : The y-component velocity in an element
// - 1lboud : The boundary indicator
// - boudv : The:value of boundary condition

// - matmx : The gloabl fluid matrix

// - lorhs : The local right hand side

/] mmmmmmmmmmmm e m e oo ——-ooCmoooomommmes
int nnodp = 9 ;

int nnodl = 4 ;

int nevab = 9 ;

int lgaus = 9 ;

int msize = 81 ;

int i , j , k , idime , jdime ;

int igaus , inodp , jnodp ;

int kgapa , kgali , kpoin ;

int ievab , jevab , bcdof ;

int indl , ind2 , gapl , gap2 ;

int igali , igapa , ngapa , ngali ;

int irow , jcol , usequ[9] ;

int templ , temp2 ;

int itotu , redof
e
double shapi // Ni

// dNj/dy

// 1J|*dxi*deta
// A"2Nj/dx"2
// A~2Nj/dy"2
// d72Nj/dxdy

double shalg[36]) , shapg(8l] , cartl(2][4] , carlg(2][(36] ;
double shapl{4] , shapp(9]

double carpgl([2](81] ;
double cartpl[2]([9] ;
double carpg2([2]([81] ;
double cartp2(2](9] ;

double areaw(9] ;
double artdf([9] ;

double flumx[nevab] [nevab] ;

double diff
double conv

; // diffusion term
; // convection term

double stabc ; // stabilized term (conv)

double stabd ; // stabilized term (diff)

double visco ; // Viscosity

double eledx ; // x-directional element length

double eledy ; // y-directional element length

double sourx ; // The source term

double x4 , y4 , X8 , v8 ;

double x2 , y2 , X6 , Y6 ;
e
double locax ;

double locay ;

double locau ;

double locav ;

double tau ;

// Get the number of variables
deg_u( usequ ) ;

ngapa

ngali = 36 :
gapl = 243 ;
gap2 = 108 ;

for ( igapa = 0 ; igapa < ngapa ; igapa++ ){ // start igapa-1loop
ind2=indl+igapa*3 ;
carpgl[0] [igapa] = shadl{ (ielem*360)+ind2+0]; // dN/dx
carpgl[l] [igapa] = shadl([(ielem*360)+ind2+1]; // dN/dy
shapgligapal = shadl[(ielem*360)+ind2+2); // N

} // end igapa-loop

for ( igapa = 0 ; igapa < ngapa ; igapa++ ){ // start igapa-loop
ind2=indl+igapa*2 ;

carpg2[0] [igapa]
carpg2(1l] [igapal
} // end igapa-loop

[2] ENH4RMETZAR CREUSL MR B ==========

shad2 [ (ielem*162)+ind2+0}; // d"2N/dx"2
shad2[(ielem*162)+ind2+1]; // d"2N/dy"2
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1613
1614
1615
1616
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
1683
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708
1709
1710
1711
1712
1713
1714
. 1715
"1716
1717

1718

- 1719

"1720

- 1721

© 1722
1723
1724
1725

indl = gapl ; // 243

for ( igali = 0 ; igali < ngali ; igali++ ){
ind2=indl+igali*3 ;

carlgl0][igali] = shadl[(ielem*360)+ind2+0];

carlg(l][igali]l = shadl([(ielem*360)+ind2+1];

shalg[igali) = shadl[(ielem*360)+ind2+2];
} // end igali loop

//========== (3] ENHHFEOEE ==========
indl = gapl+gap2 ; // 351

for ( igaus = 0 ; igaus < lgaus ; igaus++ ){
ind2=indl+igaus ;
areaw[igaus] = shadl[(ielem*360)+ind2+0] ;
} // end igaus loop

//*********k************************************t*
for ( ievab = 0 ; ievab < nevab ; ievab++ ){
for ( jevab = 0 ; jevab < nevab ; jevab++ ){
flumx [ievab] [jevab] = 0.0 ;
} // end jevab loop
} // end ievab loop

//************************************************

// Compute the characteristic element length

x2 = cordx[lnods[ielem*nnodp+1]-1] ;
x4 = cordx[lnods([ielem*nnodp+3]-1] ;
x6 = cordx[lnods[ielem*nnodp+5])-1] ;
%8 = cordx[lnods[ielem*nnodp+7]1-1] ;
y2 = cordy(lnods(ielem*nnodp+1]-1] ;
y4 = cordy(lnods[ielem*nnodp+3]-1] ;
y6 = cordy[lnods[ielem*nnodp+5]-1] ;
y8 = cordy(lnods(ielem*nnodp+7]-1] ;

eledx = sqrt((x4-x8)*(x4-x8)+(y4-y8)*(y4-y8));
= )

eledy = sqrt((x2-x6)*(x2-x6)+(y2-y6)*(y2-y6));

[/ === m e e m e mm e e ———oo——————--—--o
// Start Gaussian integration loop

J ittt

for ( igaus = 1 ; igaus <= lgaus ; igaus++ ){
/***** Get the integration weight factor *****x/
darea = areaw[igaus-1] ;

/*xrx AREEPTEL—4H—4ERR 5> BEFTE FEAI TR B L e Yy * > >/

for ( inodp = 0 ; inodp < nnodp ; inodp++ ){

cartpl (0] [inodp] = carpgl(0] [kgapa] ;
cartpl(1l] [inodp] = carpgll(l] [kgapa] ;
cartp2(0] [inodp] = carpg2(0] [kgapa] ;
cartp2(1l] [inodp] = carpg2(1l](kgapal ;
shapp [inodp] = shapgl[kgapal ;

} // end inodp loop
[xxexr EEERBEBETEZERG B xrxr/

locau = 0.0 ;
locav = 0.0 ;
locax = 0.0 ;
locay = 0.0 ;
et S

for ( inodp = 0 ; inodp < nnodp ; inodp++ ){
locau += shapplinodp]*elecx[inodp] ;
locav += shapplinodp]*elecy[inodp] ;
locax += shapplinodp]*elexx[inodp] ;
locay += shapplinodp]*eleyy(inodp] ;
} // end inodp loop

// Get the stabilized parameter

Tau2D_SUPG( locau , locav , eledx , eledy , artdf ) ;
// diffusivity coefficient

visco = kappa ;

for ( inodp = 0 ; inodp < nnodp ; inodp++ ){

tau = artdf[inodp] ;

/****************************************/
shapi shapp [inodp] ; // Ni

dnidx = cartpl[0]({inodp] ; // dNi/dx

dnidy = cartpl(l][inodp) ; // dNi/dy

JRAEKKHK KKK KKK KKK KKK Kk Kk kA KKKk Kk KKk kkk )

// local row index

irow = usequlinodp] ;

for ( jnodp = 0 ; jnodp < nnodp ; jnodp++ ){
// local column index
jcol = usequljnodp] ;

JrE KKK KK KK KKK KKK KKK KKK KK kK kK Kk Kk KKk Kk x )

shapj = shapp[jnodp] ; /1 Nj

dnjdx = cartpl(0][jnodp] ; // dNj/dx
dnjdy = cartpl{l][jnodp) ; // dNj/dy
dnjdx2 = cartp2[0][jnodp] ; // d"2Nj/dx"2

15



%92: C:\Users\Aidan\Desktop\CFD_C_code\FEM_DRP_SUPG_CD_1D_2D_code\2D_code\src\FEM_tools.cpp 2017/4/12, 11:24:44 E4

1726 dnjdy2 = cartp2(l](jnodp] ; // d"2Nj/dy"2

1’727 /****************************************/

1728

1729 // Compute the diffusion term

1730

1731 diff = visco * ( dnidx * dnjdx + dnidy * dnjdy ) * darea ;
1732

1733 // Compute the convection term

1734

1735 conv = shapi * ( locau * dnjdx + locav * dnjdy ) * darea ;
1736

1737 // Compute the stabilized term (convection)

1738

1739 stabc = tau * ( locau * dnidx + locav * dnidy ) *
1740 ( locau * dnjdx + locav * dnjdy ) * darea ;
1741

1742 // Compute the stabilized term (diffusion)

1743

1744 stabd = tau * ( locau * dnidx + locav * dnidy ) *
1745 -visco * ( dnjdx2 + dnjdy2 ) * darea ;

1746

1747 // Add the convection and diffusion term to the matrix
1748

1749 flumx[irow] [jcol]=flumx[irow] [jcol]+diff+conv+stabec+stabd ;
1750

1751 } // end jnodp loop

1752 } // end inodp loop

1753 } // end igaus loop

1754

1755 F B o

1756 // Modify the matrix if necessary

1757 R o o e

1758

1759 for ( inodp = 0 ; inodp < nnodp ; inodp++ ){

1760

1761 // Take the number label of boundary

1762

1763 bcdof = bcnodlielem*nnodp+inodp] ;

1764

1765 // Boundary number label = 0 --> Interior node

1766 // --> It does not need to fix matrix
1767

1768 if ( bcdof == -1 ) continue ;

1769

1770 // Take the degree of repeatation of node

1771

1772 redof = reabclbcdof-1] ;

1773

1774 // Translate the global node number to local node number and use it
1775 // to find the corresponding row location of elementary matrix
1776

1777 templ = Find_local( ielem , bcdof , 1lnods ) ;

1778

1779 // Take the dof

1780

1781 itotu = nadfm([bcdof-1] ;

1782

1783 [/ =mmm e e

1784 // Modify the matrix

1785 J e e e

1786

1787 if ( lboud[itotu-1] == 1 ) {

1788

1789 temp2 = usequltempl-1] ;

1790

1791 for ( ievab = 0 ; ievab < nevab ; ievab++ ){ // start ievab-loop
1792 flumx(temp2] [ievab] = 0.0 ;

1793 } // end ievab-loop

1794

1795 flumx [temp2] [temp2] = 1.0 / redof ;

1796 }

1797 } // end inodp-loop

1798

1799 /1 —#EFERE flumx JBREE A —4ERETFEAE matmx

1800

1801 k=0;

1802

1803 e e D bt

1804 for ( ievab = 0 ; ievab < nevab ; ievab++ ){

1805 for ( jevab = 0 ; jevab < nevab ; jevab++ ){

1806 matmx[ielem*msize+k] = flumx[ievab] [jevab] ;

1807 k += 1 ;

1808 }

1809 }

1810 2

1811

1812 } // end Matrix subroutine

1813

1814 o i B i o 2 o s s o o o S S A S S A A A e e
1815 R S  ay  ah S L
1816

1817 void Read_mesh( int melem , int mpoin , int mtotv ,
1818 double kappa , double *cordx , double *cordy ,
1819 int *1lnods , int *bcnod , int *1lboud ,
1820 double *boudv ) {

1821

1822 R

1823 // Routine to read the mesh file

1824 J /== e

1825

1826 int nnodp=9 ;

1827 int ipoin ;

1828 int ielem ;

1829 int itotv ;

1830 int temp ;

1831

1832 // open the mesh file to read it

"1833

1%34 ifstream Infile("Input_mesh.mesh");

1835

1836 Infile >> melem >> mpoin >> mtotv >> kappa ;

1837

.1838 // [1] Read the mesh coordinates

1839

1840 for( ipoin = 0 ; ipoin < mpoin ; ipoin++ ){
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1841 Infile >> cordx[ipoin] >> cordy([ipoin] ;
1842 }
1843
1844 // [2] Read the mesh connectivity
1845
1846 for ( ielem = 0 ; ielem < melem ; ielem++ ){
1847 Infile >>temp ;
1848 Infile >>1nods[(ielem*nnodp)+0]>>lnods[(ielem*nnodp)+1]>>lnods[(ielem*nnodp)+2]
1849 >>lnods[(ielem*nnodp)+3]>>1nods[(ielem*nnodp)+4]>>1nods[(ielem*nnodp)+5]
1850 >>1nods[(ielem*nnodp)+6]>>1nods[(ielem*nnodp)+7]>>lnods[(ielem*nnodp)+8];
1851 }
1852
1853 // [3) Read the element with boundary condition
1854
1855 for ( ielem = 0 ; ielem < melem ; ielem++ ){
1856 Infile >>bcnod[(ielem*nnodp)+0]>>bcnod[(ielem*nnodp)+1]>>bcnod[(ielem*nnodp)+2]
1857 >>bcnod[(ielem*nnodp)+3]>>bcnod[(ielem*nnodp)+4]>>bcnod[(ielem*nnodp)+5]
1858 >>bcnod[(ielem*nnodp)+6]>>bcnod[(ielem*nnodp)+7]>>bcnod[(ielem*nnodp)+8];
1859 }
1860
1861 // [4] Read the boundary condition label and value
1862
1863 for ( itotv = 0 ; itotv < mtotv ; itotv++ ){
1864 Infile >> lboud[itotv] >> boudv[itotv] ;
1865 }
1866
1867 // close the mesh file
1868 Infile.close() ;
1869
1870 }
1871
1872 void Tec360_mesh( int melem , int mpoin , double cordx[] ,
1873 double cordy[] , int lnods[] ){
1874
1875 int ipoin , jpoin , ielem ;
1876 int nnodp = 9 ;
1877
1878 /*t**************************************************************/
1879 /* Set the file head title
1880 /****i*************************************************k****’(****/
1881
1882 ofstream Oufile("Mesh2D.plt");
1883
1884 Oufile.setf(ios::fixed) ;
1885 oufile.precision(15) :
1886
1887 /**************************************s\'***************k*********/
1888 Oufile << " Variables = X , Y " << endl;
1889 Oufile << " Zone N = " << mpoin << " E = " << 4 * melem << endl;
1890 oufile << " Datapacking=point, Zonetype=fequadrilateral" << endl;
1891 /***************************************************f*****’(******/
1892
1893 for ( ipoin = 0 ; ipoin < mpoin ; ipoin++ ){
1894 oufile << cordx[ipoin] << " " << cordylipoin] << endl ;
1895 }
1896
1897 for ( ielem = 0 ; ielem < melem ; ielem++ ){
1898
1899 oufile << lnods[ielem*nnodp+0] << " " << lnods [ielem*nnodp+l] << " "
1900 << lnods[ielem*nnodp+8] << " " << lnods[ielem*nnodp+7] << endl;
1901
1902 Oufile << lnods[ielem*nnodp+l] << " " << lnods[ielem*nnodp+2] << " "
1903 << 1lnods[ielem*nnodp+3] << " " << lnods[ielem*nnodp+8] << endl;
1904
1905 oOufile << lnods(ielem*nnodp+8] << " " << lnods(ielem*nnodp+3] << " "
1906 << lnods[ielem*nnodp+4] << " " << 1lnods [ielem*nnodp+5] << endl;
1907
1908 Oufile << lnods[ielem*nnodp+7] << " " << lnods[ielem*nnodp+8] << " "
1909 << lnods[ielem*nnodp+5] << " " << lnods[ielem*nnodp+6] << endl;
1910 }
1911 oufile.close();
1912 }
1913
1914 void Tec360_CDR( int melem , int mpoin, double cordx[], double cordyl],
1915 double egphil], int 1lnods(] ){
1916
1917 int ipoin, jpoin, ielem ;
1918 int nnodp = 9 ;
1919
1920 /******ﬁ************k*******r***************ﬁ********************/
1921 /* Set the file head title
1922 /***************’(***********kk****t******************************/
1923
1924 ofstream Oufile("CDR2D_FEM.plt");
1925
1926 oufile.setf(ios::fixed) ;
1927 oufile.precision(8) ;
1928
1929 /************************************t*********ﬂ*****************/
1930 Oufile << " VARIABLES = X, Y, U " << endl;
1931 Oufile << " ZONE N = " << mpoin << " E = " << 4 * melem << endl;
1932 Oufile << " DATAPACKING=POINT, ZONETYPE=FEQUADRILATERAL" << endl;
1933 /*********i*****************i*****************ﬁ****k****ﬁ********/
1934
1935 for ( ipoin = 0 ; ipoin < mpoin ; ipoin++ ){
1936 oufile << cordx[ipoin] << " " << cordylipoin] << " "
1937 << eqgphi[ipoin] << endl ;
1938 )
1939
1940 for ( ielem = 0 ; ielem < melem ; ielem++ ){
1941
1942 Oufile << lnods[ielem*nnodp+0] << " " << lnods[ielem*nnodp+l] << " "
1943 << lnods[ielem*nnodp+8] << " " << lnods[ielem*nnodp+7] << endl;
1944
. 1945 Oufile << lnods(ielem*nnodp+l] << " " << lnods([ielem*nnodp+2] << " "
1946 << lnods[ielem*nnodp+3] << " " << lnods(ielem*nnodp+8) << endl;
1947
1948 Oufile << lnods[ielem*nnodp+8] << " " << lnods[ielem*nnodp+3] << " "
- 1949 << lnods(ielem*nnodp+4] << " " << lnods[ielem*nnodp+5] << endl;
1950
- 1951 Oufile << lnods[ielem*nnodp+7] << " " << lnods[ielem*nnodp+8] << " "
1952 << lnods[ielem*nnodp+5] << " " << lnods[ielem*nnodp+6] << endl;
» 1953 }
1954 Oufile.close();

1955 }
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1969
1970
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1978
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- 2015
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2047
2048
2049
2050
2051
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2056
2057
2058
2059
2060
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2065
2066
2067
2068
2069
2070

//+++++++++++++++++++++++++++++++++++++++++++++++++++++++++

void Setting_dataf(

int melem ,
double *cordx ,
int *1lnods ,
int *nodfm ,

)

double *boudv

int

mpoin ,

double *cordy ,
int *bcnod
double *shadl ,

int

FHrttEE
//++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

mtotv
double *uvely

'
'
int *reabc ,
'

double *shad2

/ __________________________________________________
// Routine to
B ettt b

// Read the mesh data

Read_mesh( melem , mpoin , ntotv ,
, lnods , bcnod ,

cordy

// Set the degree of freedom

kappa , cordx
lboud , boudv

’

Y o

Find_FEM_nadfm_nodfm( melem , mpoin , nadfm , nodfm );

// Set the all data for finite element calculation

Drivelst ( melem , mpoin , cordx , cordy , lnods , shadl

//Drive2nd( melem , mpoin , cordx , cordy , 1lnods ,

Drive2nd_02( melem , mpoin , cordx , cordy , 1lnods ,

// Find the degree of repeated node

Find_Reabc( melem , mpoin , bcned , reabc ) ;

}

[ S AR AR h bt A
//++++++++++++++++++++++++++++++++++++++++++++++++++

void Solv

)] ===mmmmmmmms-—o——s-o-osoosom T
// Routine to solve 2D convection-d

el

do

int

uble

int
int

double

melem , int
*cordy , double
*lnods , int
*1boud , double
*matmx , double

// using finite element method

mpoin ,
*uvely ,
*nadfm ,
*pboudv ,
*egphi ,

int
double
int
double
double

)

i

shad2 )

shad2 );

S bt o

B it o o 2
mtotv , double
*yvely , double
*nodfm , int
*shadl , double
*eqrhs ) {

iffusion equation

2 iuata e i
int nnodp = 9 ;

int inodp ;

int ipoin ;

int itotv ;

int ielem ;

double pi = 3.141592653589793238462 ;
double elexx[nnodp]l ;

double eleyy(nnodp] ;

double elecx[nnodp) ;

double elecy [nnodp] ;

double lorhs[nnodp]

// Compute the convection field

for ( ipoin
uvely[ipoin] =
vvely(ipoin] =

}

// Compute the

for ( ielem

= 0 ; ipoin < mpoin ; ipoin++ ) {

=0

for ( inodp =
elexx[inodp]
eleyy[inodp]
elecx[inodp]
elecy [inodp]
} // end inodp-loop

cos(pi/6.0)
sin(pi/6.0) i

; ielem < melem

0

all elementry matrices

; ielem++ )

= cordx[lnods[ielem*nnodp+inodp]-1] H
= cordy[lnods[ielem*nnodp+inodp]—1] ;
= uvely[lnods[ielem*nnodp+inodp]—l] ;
= vvely[lnods[ielem*nnodp+inodp]—l] ;

//
// Using classical Galerkin model

1/
/*

Matrix_Galerkin( ielem ,

*/

/1!
/1
/17

Matrix_DRP_SUPG( ielem ,

cordx , cordy

elecx , elecy , kappa

lboud , shadl

Using DRP-SUPG model

, matmx

cordx , cordy

elecx , elecy , kappa

lboud , shadl

} // end ielem-loop

, shad2

// Invoke the boundary condition
for ( itotv = 0 ; itotv < mtotv
if ( lboud[itotv] == 1) {
eqgrhs[itotv] = boudv{itotv]

}
} // end itotv-loop

; itotv++ ) { // start itotv-loop

H

, elexx
, nadfm
, lorhs

, elexx
, nadfm
, matmx

// Solve the linear system using GPBI-CG solver

gpbicg( melem , mpoin , mtotv ,
eqrhs , nadfm , nodfm , lnods ) ;

matmx , egphi ,

, eleyy
nodfm

eleyy
nodfm
, lorhs

double kappa
double *vvely
int *nadfm
int *1boud

*cordx

kappa
*pcenod
*shad2

{ // start ielem-loop

inodp < nnodp ; inodp++ ){ // start inodp-loop

\FEM_tools.cpp 2017/4/12,
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2Q71
2072 }
2073
2074
2075
2076
2077
2078
2079
2080
2081
2082
2083
2084
2085
2086
2087
2088
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112
113
114
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J e bbbt
// Program to solve the linear system
J/=mmmmmmmm e mm e m oo oo ——oo———oo—-ooo

double dot( int mpoin , double *veca , double *vecb ) ({

[/ === mmm e m e e e e m e — -
// Routine to compute the inner-product

// <veca,vecb>

J /= o e mmmm oo oooo oo

int ipoin ;
double inner ;

inner = 0.0 ;

for ( ipoin = 0 ; ipoin < mpoin ; ipoin++ ){
inner += vecalipoin] * vecbl[ipoin] ;

}

return inner ;

}

Y S R R R R R R e s e R e T S s
S B R R R e e S R

void spmv_ebe( int melem , double *v , double *av , int *1lnods,
double *matmx , int *nadfm , int *nodfm ) {

e Ebniiaieiei bbbt
// Routine to compute matrix-vector product
// using EBE technique

[/ == m e e e m oo ———e— oo

int nnodp
int nevab
int locel[9]
int msize = 81

nn
0w

int ibufr , kelem , kevab , inodp , jnodp , kpoin ,
iadfm , lodfm , iodfm , irow , krow , jcol
kcol , ievab , jevab , k ;

double flumx[nevab] [nevab] ;
ibufr = 0 ;
for ( kelem = 0 ; kelem < melem ; kelem++ ) {
// Get the kelem-th element matrix data
k=0 ;
for ( ievab = 0 ; ievab < nevab ; ievab++ ){
for ( jevab = 0 ; jevab < nevab ; jevab++ ){
flumx[ievab] [jevab] = matmx[kelem*msize+k] ;
k += 1 ;
}
}
for ( k = 0 ; k < nnodp ; k++ ){

locel(k] = 0 ;
}

// Creat global DOF array for each local element DOF
kevab = 0 ;
for ( inodp = 0 ; inodp < nnodp ; inodp++ ){

kpoin = lnods[kelem*nnodp+inodp]l ;
iadfm = nadfm[kpoin-1] ;

lodfm = nodfm[kpoin-1] ;
[/ = e e e m oo —oo— o ——m——o oo
for ( iodfm = ; iodfm < lodfm ; iodfm++ ){
locel [kevab] = iadfm + iodfm ;
kevab += 1 ;
} // end iodfm loop
[/ === oo

} // end inodp loop
// Element-by-Element procedure

for ( irow = 0 ; irow < nevab ; irow++ ){
krow: = locel [irow]-1 ;
for ( jcol = 0 ; jcol < kevab ; jcol++ ){
kcol = locel[jcol]l-1 ;
avikrow] = av[krow] + flumx[irow]([jcol] * v([kcol] ;

} // end irow loop
} // end kelem loop
}

R R R e T o R e b b g
S R R Bt s o o e b b b

void gpbicg( int melem , int mpoin , int mtotv , double *matmx
double *egphi , double *eqrhs , int *nadfm , int *nodfm
int *1lnods ) {
J/mmmmmmm e —o— oo
// Routine to solve the Ax=b using GPBICG solver
// Ref :

// S.L.Zhang, GPBi-CG: Generalized product-type
// methods based on Bi-CG for solving nonsymetric
// linear system, SIAM J. Sci. Comput. Vol.18, No.2
// pp.537-551, 1997.

int i, 3, k., n;
int iiter ;
double x0[mtotv]

double rs(mtotv] ;
double rk[mtotv] ;
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double tk[mtotv]
double yk([mtotv]
double uk[mtotv]
double zk[mtotv]
double wk[mtotv]
double pk(mtotv]

double rk_old[mtotv] ;
double tk_old[mtotv] ;

double Apk[mtotv]
double Atk[mtotv]
double Ax0([mtotv]

H
H

double alpha, beta, eta, zeta ;

double norm2
double bnorm
double toler

n = mtotv ;

for ( i
for ( i

0 ; i < mtotv ; i++ ) x0[i]
0 ; i < mtotv ; i++ ) AxO0[i]

le-12 ;

le-16 ;
0.0 ;

non

spmv_ebe( melem , x0 , Ax0 , lnods , matmx , nadfm , nodfm ) ;

for ( i
rkli]
rs(i]
wk[i]
tk(i]
pkli]
uk([i]
ykli]
zk[i]

}

n

rk(i]
0

[C L T T O | A L 1)
[e¥eXaRoloNa)
[eRoRoNoRo]

beta
bnorm

i

nn
[N}

i

o oo

-

for (

i

0 ; i < mtotv ; i++ ) {
eqrhs[i]

- Ax0[i] ;

; 1 < mtotv ; i++ ){

bnorm += egrhs([i] * eqrhs[i] ;

}

bnorm = sqrt (bnorm/mtotv) ;

/*

* GPBI-CG iteration loop

*/
iiter = 0 ;
while (1) {

iiter += 1 ;
for (i

pkli]
}

// Compute Apk

for (i =0 ;

spmv_ebe( melem , pk , Apk , lnods , matmx , nadfm , nodfm ) ;

// Compute alpha

0 ; i
rk[i]

i

< mtotv ; i++ ){
+ beta * ( pkl[i] - uk[i] );

< mtotv ; i++ ) Apk[i] = 0.0 ;

alpha = dot(n,rs,rk)/dot(n,rs,Apk);

// Compute yk

for (i 0

ykl(il]

// Compute tk

for (1 =20 ;
for (i =0 ;
tk(i] = rkli

// Compute Atk

for (i =20 ;

spmv_ebe ( melem

if ( iiter ==

;i
tk(i]

i

< mtotv ; i++ ){
- rk[i] - alpha * wk[i] + alpha * Apkl[i] ;

< mtotv i++ ) tk_old[i) = tk[i] ;

< mtotv ; i++ ){
- alpha * Apk[il;

< mtotv ; i++ ) Atk[i] = 0.0 ;

, tk , Atk , lnods , matmx , nadfm , nodfm ) ;

1) {

// Compute zeta
zeta = dot (n,Atk, tk)/dot (n,Atk,Atk) ;

// Compute eta

eta = 0.0 ;
}
else

{

// Compute zeta

zeta = (dot(n,yk , yk)*dot(n,Atk,tk)-dot(n,yk, tk) *dot (n,Atk,yk))/
(dot (n, Atk,Atk) *dot (n, yk,yk)—dot(n,yk,Atk)*dot(n,Atk,yk)*l.O);

// Compute eta
eta = (dot(n,Atk,Atk)*dot(n,yk,tk)—dot(n,yk,Atk)*dot(n,Atk,tk))/
(dot(n,Atk,Atk)*dot(n,yk,yk)—dot(n,yk,Atk)*dot(n,Atk,yk)*1.0);

}

// Compute uk
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}

for ( i
uk (1]

0 ; i < mtotv ;

// Compute zk

for (i
zk([i]
}

0 ; i < mtotv ;

non

// Update the solution

for (i =0 ; i < mtotv ;

i++ ) {

zeta * Apk[i] + eta * ( t

ivs ) {

iv+ ) {

+
egphi[i]) = egphi(i] + alpha * pkli]l + zk[i] ;

}

// Compute the residual rk

for (i =0 ; 1 < mtotv ;

for (i
rk(i]

0 ; i < mtotv ;

// Compute beta

i++ )

ivs ) {

tk[i] - eta * yk[i] -

rk_old(i] = rkli]

zeta * Atk[i) ;

zeta * rk[i] + eta * zk[i] - alpha * uk(i] ;

i

beta = (alpha/zeta)*(dot(n,rs,rk)/dot(n,rs,rk_old)) H

// Compute wk

for (i =0 ; i < mtotv ;

i++ ) wk[i] = Atk[i] + beta * Apk[i]

// Compute the L2 notm and check the convergence

norm2 = 0.0 ;

for (i =0 ; i < mtotv ;
norm2 += rk[i] * rk(i]
}

i++ ) {

norm2 = sqrt (norm2/mtotv)/bnorm ;

J)--mmmmmmmmmmm———— o s - ——oo o oo oSS SSSoSSoTTTTTo
if ( iiter % 10 == 0 ) {
cout << " Iters = " << iiter << ", llrkl|_L2 = " << norm2 <<
}
[[==mmmmmoms—ooToTosmoooosoSSoTTooSTTToITITTIITI

cout << endl ;

cout << " —----m--------------o-o-omosooo "<
cout << " GP-BICG converges !!! "o<<
cout << " ----m--------—---------o—moooos "o<<

cout << endl ;
break ;

// end GPBICG-solver

k_old[i] - rk(i] + beta * uk([i] ) ;

i

endl;




