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= ) lid driven cavity alias a4 by o ViSUBl CH aslip oS iges olgie 0 Cond ol o
23,5

/1 2D Finite El ements Program

/1 Stream ine Upwi nd Petrov-Glerkin (SUPG for convective terns-8 Point
Quadr ature gauss for every thing

#i ncl ude<mat h. h>

#i ncl ude<st di 0. h>

const int ie=200,]je=200, ke=1, ni np=0;

const doubl e nmo=1e- 3, ro=1, vi np=1. 0, pout =0, pi =3. 1415, nu=no/ r 0, dt =0. 002;
const doubl e x1=0, y10=0, z1=0, x2=1, y2=0, z2=0, x3=1, y3=1, z3=0, x4=0, y4=1, 24=0;
const doubl e

x5=0, y5=0, z5=0. 05, x6=1, y6=0, z6=0. 05, x7=1, y7=1, z7=0. 05, x8=0, y8=1, z8=0. 05;

double x[ie+t2][je+2], y[iet+t2][je+2], z[iet+t2][je+t2]; [/ x,y and z
coordi nates of nodes
double wu[ie+2][je+2], v[ie+2][je+2], Wie+t2][je+2]; [/ u,v and w
velocities at nodes
doubl e us[ie+t2][je+2],vs[ie+t2][]je+2],ws[ie+2][je+2]; [/ u*,v* w Monmentum
u,v,w solution without pressure termat nodes
double p[ie+t2][je+2],cnie+2][je+2],cv[ie+2][je+2]; [/ Pressure at nodes
of elenents- Coefficient central pressure- coefficient u*,v*, w* in nonentum
equati ons
doubl e v123[ie+1][je+1][4][4], he[ie+l][]e+1]; 11
vectors conponents in 1,2,3 directions, El enents [ ength
double rt[ie+1][je+1][5],wW[5][5];
/'l Residual pressure equation- weight of 8 functions at 8 points of
el ement s
doubl e dnfie+1][je+1l][5][5];
/1 Diffusion Matrix of elenents
doubl e nx[ie+1][je+1][5][5];
/1 X derivative of 8 shape functions at 8 points of elenents
doubl e ny[ie+1][je+1l][5][5];
Y derivative of 8 shape functions at 8 points of elenments
doubl e nz[ie+1][je+1][5][5];
/'l Z derivative of 8 shape functions at 8 points of elenents
short fk[5],fe[5],fz[5];
/'l coefficients of kisi,eta,zita in 8 functions

doubl e px[ie+1][je+1l][5], py[ie+l][je+1][5],pz[ie+l][je+l][5]; 11
derivativation of pressure in x,y,z directions at 8 points of elenents
double mu[ie+l][je+1][5],nv[ie+tl][je+1][5],mMie+l][]je+1][5]; /1
Convective ternms of nonentumu,v,w equations at 8 points of elenents
doubl e up[ie+l][je+1][5],vp[ie+l][]je+l][5],wo[ie+1l][]je+l][5]; 11
average u,v,w at at 8 points of elenments

double tv[ie+l][je+1][5],dj[ie+l][]je+1][5]; 11

total velocity at 8 points of elenents, Jacobian determ nant at 8 point,
voi d geonetry();
void solver();
voi d surfdat();
voi d printvars();
long t;
voi d main(){
FI LE *res;
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fopen_s(&es,"Res.txt","w');
fprintf(res,"ie=%, je=%, ke=%, ninp=%, dt=%, no=%, RO=%,
Vi np=%, pout=%",ie,je, ke, ninp,dt,no,ro,vinp, pout);

fprintf(res,"\nStep p[ 1] [41] uf%]1[%]\n",ie-1,je);
geonetry();
for(t=1;t<20000;t++){

printf("\nTry=%",t);

sol ver();

fprintf(res,"% % % \n",t,p[1][41],u[ie-1][]je]);

surfdat();
printvars();
fclose (res);
}
voi d geonetry(){
int i,j,k,I,mn,i1,j1,k1,i2,j2,k2,in,jn,kn,nn,pn,fn;
doubl e jp[3][5], kx, ky, kz, ex, ey, ez, zx, zy, zz, t p;
doubl e df[5][5][3],xe[5],ye[5],ze[5],ki[5],et[5],zi[5];
/1 Li near Mesh Generaration
by 8 poi nt
for(i=l;i<ie+2;i++)for(j=1;j<je+t2;j++){
X[1T][J]=x1+(x2-x1)*(i-1)/ie+(x4-x1)*(j-1)/]e+(x3+x1l-x2-x4)*(i-
D*(j-1)/(ie*je);
y[i]1[j]=y10+(y2-y10)*(i-1)/ie+(y4-y1l0)*(j-1)/je+(y3+yl0-y2-
ya)*(i-1)*(j-1)/(ie*je);
}.

/1 Shape Functions derivatives in
three direction at 8 point
fk[1]=-1;fk[2] =1; fK[3] =1; fKk[4]=-1,;
fe[1l]=-1;fe[2]=-1;fe[3]=1; fe[4]=1;

t p=0. 5773502692;
Ki[1] =-tp;ki[2] =tp;ki[3]=tp;ki[4]=-tp;
et[1]=-tp;et[2]=-tp;et[3]=tp;et[4]=tp;

for (fn=1; fn<5; f n++) f or (pn=1; pn<5; pn++) {
wi[fn][pn]=(1+fk[fn]*ki[pn])*(1+fe[fn]*et[pn])/4;
df[fn][pn][1] =Fk[fn]*(1+fe[fn]*et[pn])/4;
df[fn][pn][2] =fe[fn]*(1+fk[fn]*ki[pn])/4;

b
f k[ 1] =0; fk[ 4] =0
fe[ 1] =0; f e[ 2] =0;

/1 El enent vectors in three
di rections
for(i=l;i<ie+l;i++)for(j=1;j<je+l;j++){

xe[ 1] =x[1][j];xe[2] =x[i +1][j];xe[3] =x[i +1] [j +1]; xe[4] =x[i ][] +1];

ye[1]=y[i]1[j];ye[2]=y[i+1][j];ye[3]=y[i+1][j+1];ye[4]=y[i][]j+1];

v123[ i ]1[j111]1[ 1] =(xe[ 2] +xe[ 3] - xe[ 1] -xe[4])/ 2;
vi23[i ] [j]1[1][2] =(ye[2] +ye[3]-ye[1]-ye[4])/2
v123[i]1[j112][ 1] =(xe[ 3] +xe[ 4] -xe[ 1] -xe[2])/2;
viz3[i][jl1l2][2] =(ye[3] +ye[4]-ye[1]-ye[2])/2;

/1 Di ffusion Matrix Determination By 8

Poi nt Quadrature Guass Mt hod
for (pn=1; pn<5; pn++) {

for (mel; mx3; mt+) f or (n=1; n<3; n++)j p[ M [ n] =0;
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for(fn=1;fn<5;fn++){
jpl1][1]=jp[1][1] +xe[fn]*df[fn][pn][1];
jpl1][2]=jp[1][2] +ye[fn]*df[fn][pn][1]
jpl2][1]=jp[2][1] +xe[fn]*df [fn][pn][2];
ipl21[2]=jpl2][2] +ye[fn]*df [fn][pn][2];

}
di[i1[j1lpnl=jpl1]I[1]*jp[2][2]-jpl2][2]*jp[2][1];

for(mel; me3; me+) for (n=3; n<5; n++)jp[mM [n] =0; j p[ 1] [3] =1;j p[ 2] [ 4]
for(mel; nx3; m+) {
for(n=4; n>m1;n--)
for(l=1;1<3;1++)if
)jp[I][n]=jp[I][n]ijp[ni[n]*jp[l][ni;

for (fn=1: f n<5; f n++){

ipl
(11

[n
=m for(n=4; n>m1; n--

=1;

I=iplmn]/jplm[n];

nx[i][j1[fn][pn]=df[fn][pn][1]*jp[1][3]+df[fn][pn][2]*jp[1][4];

ny[i][j1[fn][pn]=df[fn][pn][1]*jp[2][3]+df[fn][pn][2]*jp[2][4];

}s
}s
for (nF1; nk5; mr+) f or (n=1; n<5; n++) {t p=0;
for(1=1;1<5;1++)tp=t p+dj [
tny[i [ 10nI [ *ny[i][31ImM[1]);
dnfi][j][nm[n]=tp;

PO IO Cox[EFLp T Dn] D] nx[i ] (3] I [1]

/1 Pressure and nonent um

coefficients determnation
for(i=l;i<ie+2;i++)for(j=1;j<je+2;j++){

t p=0; kx=0;

i1=i-1;j1=j-1;i2=i+1;j 2= +1

if(i==1)i1=1;

if(j==1)j1=1;

if(i==ie+tl)i2=ie+l;

i f(]==je+tl)j2= e+l;

for(inzil;in<i2;in++)for(jnI 1;jn<j 2;jn++){
nn=(i-in)+3*(j-jn)-2*(i-in)*(j-jn)+1;
tp=tp+dnfin][jn][nn][nn];

for (pn=1; pn<5; pn++) kx=kx+wf [ nn] [ pn] *dj [in] [ n] [pn];

}s
cnfi][j]=tp;
cv[i][j]=kx;
b
/1 Initial
Condi ti on
for(j=1;j<je+2;j++){
u[ 1] [j]=0; v[1][j]=0;

ufie+l][j]=0;  v[ie+1][j]=0;
}

for(i=1;i<ie+2;i++){

ufi][1]=0; v[i][1]=0;
ufi][je+l]=vinp;  v[i][]je+1]=0;
}

voi d sol ver(){
int i,j,k,i1,i2,j1,j2,k1,k2,in,jn,kn,nn,pn,fn;
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double ut,vt,w,tp,tx,ty,tz,wn, pe, pt,txx,tyy;
Il Convective ternms of monentum
X,Y,z equations for each el enments
for(i=1;i<ie+l;i++)for(j=1;j<je+l;j++){
upli][§110]=(u[i [} ]+uli+1][j]+uli][j+1]+uli+1][j+1])/4
vp[i 1 [J1001=(vli][j]+vi+1][j]+v[i][]+1]+v[i+1][]+1])/4;

tv[i][j1[0]=sqrt(up[i][j][O]*up[i]l[jI[OI+vp[il[jI1[O]*vp[i]l[i]l[0]);
for (pn=1; pn<5; pn++) {
_ up[iJ[jI0pnl=uli][j] *wWE[1][pn]+ul[i~+1][j]
*Wi[2] [pn] +u[i+1][j+1] *wi[3][pn]+u[i][j+1] *wf[4][pn] ;

. veliTliTlpnl =v[illj] *wf[1][pn] +v[i+1][}]
*wh[2] [pn] +v[i+1][j+1] *wf[3][pn]+v[i][j+1] *wf[4][pn] ;

tvliflillen]=sart(upli][j]lpn]*upli][j]lpn]+vp[i][j]lpn]*vp[i][j][pn]

o tx=u[i][j] *nx[i][j]1[1][pn]+uli+1][]] o
“nx[iT[j102] [pn] +uli+1][j +1] *nx[I][J][3][pn]+u[I][1+1] rnx[] (104 [pn];

o cty=w[il[j] *ny[i][i][1][pn] +uli+1][j]
ny[iT[j1021[pn] +uli+1][j+1] *ny[i][j1[3][pn]+uli][j+1] *ny[i]1[j][4][pn];

muli][j]0pn]=(tx*up[i][j][pn]+ty*vpli][j][pn])*dj[i][j][pn];
t Xxx=t x;

o tx= v[i]1[j] *nx[i][j]1[1][pn]+v[i+1][j] o
“nx[P1[j102]1 [pn]+vi+1][j +1] *nx[I][1][3][pn]+v[|][4+1] C*nx[P][§10410pn];
o cty= Vli][j] *ny[i][jI[1][pn]+v[i+1][j]
“ny[i1[j1021 [pn]+v[i+1][j+1] *ny[i][j][3][pn]+v[i][j+1] *ny[i][j][4][pn];

mvli][j]0pn]=(tx*up[i][j][pn]l+ty*vpli][j]llpn])*dj[i][j][pn];

tyy=ty;
tz=(txx+tyy)*dj[i][j][pn];
muli][j][pn]=nuli][j][pn]+tz*up[i][j][pn];
.. mv[i][j]0pn]=nv[i][j][pn]+tz*vp[i][j][pn];
i f (tv[i][j][0]<0.0001)he[i][j]=O0;else
he[i][1]= o — o —
fabs((vi23[iJ[jI[2][2]*up[i][jl[0O]+vi23[i][jl[2][2]*vplil[jI[O])/tv[i][i][O

1)

_][_][8§?b5((V123[i][J][2][1]*Up[i][J][0]+V123[i][J][2][2]*VP[i][i][0])/tV[
It ;

pe=tv[i][j][0]*he[
i f (pe<0.01) he[i][]]
1/pe)*he[i][j]/2

101/ (2*nu);
=0; el se he[i][j]=(1/tanh(pe)-

I Di ffusi on and advection terns of
nonentum X, y, z equations
for(i=1;i<ie+2;i++)for(j=1;j<je+2;j++){

ut =0; vt =0; wt =0;

i1=i-1;j1=j-1;i2=i+1;]j2=) +1;

if(i==1)i1=1,;

i1f(j==1)j1=1;

if(i==ie+tl)i2=ie+l;

i f(j==] etl)j2=] e+l;

for(in=il;in<i2;in++)for(jn=j1;jn<j2;jn++){
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nn=(i-in)+3*(j-jn)-2*(i-in)*(j-jn)+1;
for (pn=1; pn<5; pn++) {
if(he[in][jn]==0)wn=wf[nn][pn];else
wn=wf [ nn] [ pn] +he[in] [jn]*(up[in][jn][pn]*nx[in][jn][nn][pn]
+vplin]l[jn][pn]*ny[in][jn][nn][pn])/tv[in][jn][pn];

ut=ut+dnfin][jn][nn][pn]*u[in+fk[pn]][]jn+fe[pn]]*nu
+wn*nulin] [jn][pn];

vt=vt+dnfin][jn][nn][pn] *v[in+tfKk[pn]][jn+tfe[pn]]*nu
+twn*mv[in][jn][pn];

i
s
us[i][j]=-ut*dt/cv[i][j];
vs[i][j]=-vt*dt/cv[il[jl;
i
for(i=l;i<ie+l;i++)for(j=1;j<je+l;j++)for(pn=1;pn<5; pn++){
t p=0;
for(fn=1;fn<5;fn++)
i n=i +f k[ fn];
jn=j+fe[fn];
tp=tp+nx[i][j]1[fn][pn]*(us[in][jn]+ulin][jn])
) +tny[i][j10fn][pn]*(vs[in][jn]+v[in][jn]);
rt[i1[j10pnl=tpdj [i][j][pn]*rofdt;
/1 Conput ati on of New

pressures, u,Vv,w
for(i=1;i<ie+2;i++)for(j=1;j<je+2;j++){

pt =0;

i1=i-1;j1=5-1;i2=i +1; ) 2=5) +1;
if(i==1)i1=1;

if(j==1)j1=1;

i f(i==ie+l)i2=ie+l;

i1 f(j==jetl)]2=] e+l;
for(in=il;in<i2;in+t+)for(jn=j1;jn<2;jn++){
nn=(i-in)+3*(j-jn)-2*(i-in)*(j-jn)+1;
~pt=pt+dn{in][jn][nn][1]*p[in][jn
#dnfin] [jn][nn][2]*p[in+1][jn] ~+dnfin][jn][
+dnfin][jn][nn][4]*p[in][jn+1]

trefin][jn][1]*wf[nn] [1]+rt[in][jn][2]*wf[nn][2]+rt[in][jn][3]*wf[nn][3]+rt
[in]Lin][4]*wf[nn][4];

}s
' plillil=pli]l[j]-pt/cnli][j];
for(i=1:i<iet+l i++)for(j=1;

]
nn] [ 3] *p[in+1] [ n+1]

j <je+l;j++)for(pn=1; pn<5; pn++){
_ px[i][j10pn]=(nx[i1[jI[1][pn]*p[i][]j]
tnx[P][j]102] [pn]l*pli+1][j] +nx[i][j]103][pn]*pli+1][]+1]
+nx[i][j]1[4][pn]*pli][j+1])*dj[i][j][pn];
py[il[illpn]l=(ny[i1[jI[1][pn]*p[i][]j]
+ny[i]1[J102] [pn]*p[i+1][j] +ny[i][j][3][pn]*p[i+1][]j+1]
+ny[i][j]104][pn]*pli][j+1])*dj[i][j][pn];

H
for(i=2;i<ie+l;i++)for(j=2;j<je+l;j++){
t x=0; ty=0;
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b

for(in=i-1;in<i+l;in++)for(jn=j-1;jn<+1;jn++){
nn=(i-in)+3*(j-jn)-2*(i-in)*(j-jn)+1;
for (pn=1; pn<5; pn++) {
tx=tx+px[in][jn][pn]*wf[nn][pn];
} ty=ty+py[in][jn][pn]*wf[nn][pn];
1

W[i1[j]=u[i][j]+us[i][j]-tx*dt/ (ro*ev[i][j]);
VL T=vlil[iT+vs[i][i]-ty*dt/ (ro*ev[il[i]);

voi d surfdat(){
FI LE *vy3, *vzl, *vz2, *vz3, *pt;

fopen_s(&y3, "VW3.txt",
fopen_s(&zl,"Vz1. txt",
fopen_s(&vz2,"Vz2. txt",
fopen_s(&vz3,"Vz3.txt",

W)
W)
W)
W)

fopen_s(&pt, "Pressures.csv","w');

i nt

iy

doubl e um vm vt, ang;
j=jel2+1; for(i=1;i<ie+2;i++){
vt=vli][j];

fprintf(vy3,"%\t %\t\t \n",i,vt);

}
j=jel2+1; for(i=1;i<ie+2;i++){
vt=p[i][j];

fprintf(vzl, "%\t %\t\t \n",i,vt);

}
i=iel2+1;for(j=1;j<je+2;j++){
vt=u[i][j];

fprintf(vz2,"%\t %\t\t \n",j,vt);

for(i=1;i<ie+2;i++)for(j=1;j<je+2;j++){

uneuli][j];

vievi][j];

vt=sqgrt (unfumrvntvn ;
ang=at an2(vmunj;
ang=(ang*180)/ pi ;
ang=ang- 90;
fprintf(vz3, "%\t %\t %\t\t %Of\n",i,j,vt,ang);

for(i=l;i<ie+2;i++)fprintf(pt,",%",i);
for(j=je+l;j>0;j--){
fprintf(pt,"\n%",j);
for(i=1;i<ie+2;i++){
fprintf(pt,”, %", p[i][j]);
b

b

fclose (vy3),(vzl), (vz2),(vz3),(pt);

122




&=l

1- Hrenikoff, A.(1941) "' Solution of Problemsin Elasticity by the
Framework Method," Transactions of the ASME, Journal of Applied
Mechanics, vol.8 , pp. 169-175.

2- Courant, R.(1943) "'Variational Methodsfor the Solution of Problems of
Equilibrium and Vibration," Bulletin of the American Mathematical Society,
vol.49. pp. 1-43.

3- Argyris, J. H., and S. Kelsey.(1960) "Energy Theorems and Structural
Analysis." , Butterworth Scientific Publications, London.

4- Turner, M., R. W. Clough, H. H. Martin, and L. Topp.(1956) "' Stiffness and
Deflection Analysisof Complex Structures, "Journal of Aeronautical
Science, vol. 23, pp. 805-823.

5- Clough, R.W.(1960) '"The Finite Element Method in Plane Stress
Analysis," Journal of Structures Division, ASCE, Proceedings of 2d Conference
on Electronic Computation, pp. 345-378.

6- A.J.Chorin.(1968) " Numerical solution of Navier-Stokes

equations.M ath.Comput.", 22,745-62.

7- A.J.Chorin. (1969)"On the conver gence of discrete approximation to the
Navier-Stokes equations." Math. Comput., 23,341-53.

8- G.Comini and S.Del Guidice.(1972) "Finite element solution of
incompressible Navier-Sotkes equation ." Num.Heat Transfer., partA, 5, 463-
78.

9- G.E.Schneider,G.D Raithby andM.M. Y ovanovich.(1978) " Finite element
analysis of incompressible fluid flow incor porating equal order pressure
and velocity interpolation" , in C.Taylor ,K.Morgan and C.A.Brebbia,
Numerical methods in laminar and turbulent flows , Pentech press, Plymouith.
10- J.Donea ,S.Giuliani, H Laval and L.Quartapelle.(1982) "Finite element
solution of unsteady Navier-Stokes equations by a fractional stop methods
" Comp.Meth .Appl.Mech .Eng., 33, 53-73.

123




&=l

11- P.M.Gresho ,S.T.Chan, R.L.Lee and .C.D.Upson .(1984) "A modified
finite element method for solving incompressible Navier-Stokes equations .”
part 1 theory .Int.J.Num Meth .fluids ,4,557-98.

12- M.Kawaharaand K .Ohmia.(1985) "Finite element analysis of density
flow usig the velocity correction method ." Int.J.Num. Meth.Fluids, 5,981 -
93.

13- J.G.Rice and R.J.Schnipke .(1986) "An equal-order velocity-pressure
formulation that does not exhibit spurious pressure modes." Comp.Meth
Appl .Mech .Eng., 58,135-49.

14- B.Ramaswamy ,M.Kawahara and T.Nakayama .(1986) "L agrangian finite
element method for the analysis of two dimensional sloshing problems."
Int.J.Num. Meth.Fluids, 6,659- 70.

15- B.Ramasmawy.(1988) "Finite element solution for advection and natural
convection flows." Comp. Fluids, 16,349- 88.

16- M.Shimuraand M.Kawahara .(1988) "Two dimensional finite el ement
flow analysis using velocity correction procedure ."Struct.Eng ., 5,255- 63.
17- B.Ramaswamy .(1993) "Theory and implementation of a semi-implicit
finite element method for viscousincompressible flows." Comp.Fluids,
22,725- 47,1998.

18- O.C.Zienkiewicz and R.Codina .(1995) " Search for a general fluid
mechanichs algorithm." Frontiers of computational fluid dynamics ,Eds
,D.A.Caughey and M.M.Hafez .J.Wiley,New York ,101-13.

19- O.C.Zienkiewicz , P. Nithiarasu, R.Codina .(1996) "A general algorithm
for compressible and incompressible flow — partl1." The split , characteristic
based sheme. Int .J.Num.Meth.Fluids,20,869-85.

20- O.C.Zienkiewicz and P.Ortiz .(1995) " Asplit characteristic based finite
element model for shallow water equations." Int.J. Num.Meth. Fluids
,20,1061- 80.

124




&=l

21- O.C.Zienkiewicz and P.Ortiz .(1996) "An improved finite element model
for shallow water problems." 61-84,1996.

22- N.Massarotti ,P.Nithiarasu and O.C.Zienkiewicz .(1998) "Char acteristic-
based- split (CBS) algorithm for incompressible flow problems with heat
transfer ." Int.J. Num.Meth. Fluids, 8,969- 90.

23- O.C.Zienkiewicz ,J.Rojec , R.L.Taylor and M.Pastor .(1999) "Triangles
and tetrahedral in explicit dynamics codesfor solids." Int.J. Num.Meth.
Eng., 43,565- 83.

24-Ghia, Ghia, and Shin (1982), "High-Re solutionsfor incompressible flow
using the Navier-Stokes equations and a multigrid method", Journal of
Computational Physics, VVol. 48, pp. 387-411.

25-Nithiarasu, P. (2002)," On boundary conditions of the characteristic
based split (CBS) algorithm for fluid dynamics." International Journal for
Numerical Methods in Engineering, 54. 523-536.

26- Nithiarasu, P. (2003)," An efficient artificial compressibility (AC) scheme
based on the characteristic based split (CBS) method for incompressible
flows." International Journal for Numerical Methods in Engineering, 56: 1815—
1845.

27-Nithiarasu, P., Mathur, J. S., Weatherill, N. P. and Morgan, K. (2004),"
Three-dimensional incompressible flow calculationsusing the
characteristic based split (CBS) scheme." International Journal for Numerical
Methods in Fluids, 44: 1207-1229.

125



&=l

28- Nithiarasu, P. (2004), "A fully explicit characteristic based split (CBYS)
schemefor viscoelastic flow calculations.” International Journal for Numerical
Methods in Engineering, 60: 949-978.

29- P. Nithiarasu, C.-B. Liu.(2004) "An artificial compressibility based
characteristic based split (CBS) schemefor steady and unsteady turbulent
incompressible flows." Computer Methods in Applied Mechanics and
EngineeringV 195, 2961-2982

30- Nithiarasu, P. (2005), "An arbitrary Lagrangian Eulerian (ALE)
formulation for free surface flows using the characteristic-based split
(CBS) scheme." International Journal for Numerical Methods in Fluids,

48, 1415-1428.

31- Boonmarlert, Parinya Phongthanapanich, Sutthisak Dechaumphai,
Pramote.(2005) " Combined characteristic-based split algorithm and mesh
adaptation technique for high-speed compressible flow analysis." , Indian
Journal of Engineering and Materials Sciences (IJEMS) Vol.12, 376-388.
32- Parinya Boonmarlert, Sutthisak Phongthanapanich and Pramote
Dechaumphai.(2006) "Combined Adaptive M esh M ovement and
Characteristic-Based Split Algorithm for Viscous Incompressible Flow
Analysis." The 20th Conference of Mechanical Engineering Network of
Thailand

33- Morandi-Cecchi, M. and Venturin, M. (2006), " Characteristic-based split
(CBYS) agorithm finite element modelling for shallow watersin the Venice
lagoon." International Journal for Numerical Methods in Engineering,

66: 1641-1657.

126



http://www.sciencedirect.com/science/journal/00457825�
http://www.sciencedirect.com/science/journal/00457825�
http://www.sciencedirect.com/science/journal/00457825�
http://nopr.niscair.res.in/handle/123456789/36�
http://nopr.niscair.res.in/handle/123456789/36�
http://nopr.niscair.res.in/handle/123456789/36�
http://nopr.niscair.res.in/handle/123456789/8392�

&=l

34 Nithiarasu, P., Codina, R. and Zienkiewicz, O. C. (2006), "The
Characteristic-Based Split (CBS) scheme—a unified approach to fluid
dynamics." International Journal for Numerical Methods in Engineering,

66: 1514-1546.

35- Bayram Cedlik, Firat Oguz Edis, (2009) "Micro-scale synthetic-j et actuator
flow simulation with characteristic-based-split method", Aircraft
Engineering and Aerospace Technology, Vol. 81 Iss: 3, pp.239 - 246

36- Kulkarni, V.M. Seetharmu, K.N. Aswatha Narayana, P.A. Azid,
[.LA. Quadir, G.A.(2004) "Flow analysisfor flip chip underfilling process
using characteristic based split method." Electronics Packaging Technology
Conference, 2004. EPTC 2004. Proceedings of 6th, Mech. Eng., 615 — 6109.
37- C.K. Batchelor.(1967) " An introduction to fluid dynamics.” ,
Cambridge Univ. press.
38- H. Lamb.(1932) "Hydrodynamics' , 6" ed., Cambridge Unive. Press.
39- C. Hirsch.(1988) "Numerical Computation of Interal and External
Flows", Vol. 1, wiley, Chichester .
40- P.J. Roach.(1972) "Computational Fluid M echanics’, Hermosa Press,
Albuquerque, New Mexico.
41- H. Schlichting.(1955) "Boundary Layer Theory." ,Pergamon Press,
L ondon.
42- L.D. Landauand E.M. Lifshitz.(1959) "Fluid Mechanics", Pergamon
Press, London.
43- R. Teman.(1977) "The Navier- Stokes Equaction,” North- Holland.
44-1.G. Currie. (1993) "Fundamental Mechanics of Fluids." , McGraw- Hill

127


http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9607�
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9607�
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9607�

&=l

45- R. courant, E. isaacson and M.ress. (1952)"on the solution of non-linear
hyperbolic differential equations by finite difference" comm.. cuuure aaappl.
Math., V,243-55.

46- A.K.Runchall and M.Wolfstein. (1969)"numerical integration procedure
for the steady state Navier-Stokes equations." J.Mech.Eng.sci., 11, 445-53.
47- D.B.Spading.(1972) "A novel finite difference formulation for
differential equationsinvolving both first and second derivatives'
Int.JNum.Meth. Eng., 4, 551-9.

48- K.E.Barrett.(1974) "The numerical solutions of singular perturbation
boundary value problem " Q.J.Mech.Appl.Math., 27,57-68.

49- O.C.Zienkiewicz and R.L.Taylor. (2000) "The finite element method" 5",
v3 fluid dynamics. ,fig2-2,p17.

50- O.C.Zienkiewicz, R.H.Gallaagher and P.Ho0d.(1976)" Newtonian and non
Newtonian viscous incompressible flow " temperature induced flows

and finite element solutions, in the mathematics of finite e ements and
applications(ed.J.Whiteman),vol.2,academic press,London

51- I.Christie,D.F.Griffiths,A.R.Mitchell and O.C.Zienkiewicz.(1976) "Finite
element methods for second order differential equationswith significant
first derivatives' Int.JNum.Meth.Eng., 10,1389-96.

52- O.C.Zienkiewicz, J.C.Heinrich,P.S.Huyakorn and A.R.Mitchell.(1977) "An
upwind finite element scheme for two dimensional convectivetransport
equations.” Int.JNum.Meth.Eng., 11,131-44.

53- J.C.Heinrich and O.C.Zienkiewicz.(1977) "Quadratic finite element
schemes for two dimensional convective-transport problems.”
Int.JNum.Meth.Eng., 11,1831-44.

54- T.J. R.HUGHES, L.P. FRANCA, G.M. HULBERT, Z. JOHAN and F.
SAKHIB, (1988) "The Galerkin least square method for advective diffusion

128




&=l

equactions’, in Recent Developmentsin ~ Computational Fluid Mechanics
(eds T.E. Tezduyar and T. J. R. Hughes), AMD 95, ASME.

55- J.Doena, T.Belytschko and P.Smolinski, (1985) " A generalized galerkin
method for steady state convection diffusion problemswith application to
guadratic shape function." ,Comp.Meth .Appl.Mech.Eng ., 48,25-43.

56- Bozeman and Dalton (1973), "Numerical Study of viscousflow in a
cavity", Journal of Computational Physics, Vol. 12, pp. 348-363.

57- Burgaff (1966), "Analytical and Numerical studies of the structures of
steady separated flows", JFM, Voal. 24, pp. 113-151

58- T.J.R. Hughes and A.Brocks, (1979)" A multi dimensional upwind
scheme with no crosswind diffusion.” , in finite elements for convection
dominated flows (ed.T.J.R.Hughes), Amd 34, ASME.

59- D.W. Kdly,S. NAKAZAWA and O.C. ZIEKIEWINCZ, (1980) "A note on
anisotropic balancing dissipation in the finite element method
approximation to convec- tive diffusion problems,” Int. . Num. Meth. Eng.,
15,1705-11.

60- C.Johnson and A.Szepessy.(1987) "on the conver gence of a finite element
method for a nonlinear hyperbolic conservation law." Math.Compuit.,
49,427-44.

61- F.Shakib, T.R.J.Hughes and Z.Johan. (1991) "A new finite element
formulation for computational fluid dynamics:" X.the compressible Euler
and Navier-Stokes equations'Comp. Meth.Appl.Mech.Eng., 89,141-219.

62- R.Codina. (1993)" A discontinuity capturing crosswind-dissipation for
thefinite element solution of convection diffusion equation." Comp.
Meth.Appl.Mech.Eng., 110,325- 42.

63- P.Nithiarasu, O.C.Zienkiewicz, B.V.K.S.Say, K.Morgan, R.Codinaand
M.Vasguez. (1998)" Shock capturing viscocitiesfor the general fluid
mechanics algorithm”. Int.JNum.Meth. Fluids., 28, 1325-53.

129




&=l

64- C.Johnson, V.Navert and J.Pitkaranta(1984) " finite element methods for
linear , hyperbolic problems' Comp. Meth.Appl.Mech.Eng., 45,285-312.

65- P.A.B. de sampaio. (1988) "A modified operator analysis of convection
diffusion problems, in proc."” 2 national meeting on thermal sciences, Aguas
de lindoia(Brazil). Pp.180-3.

66- N .Nguen and J.reynen(1984) ." a space —time least squarefinite element
scheme for advection —diffusion eq ." comp . meth . appl . mech . eng .,
42,331 —42.

67- G.F.Carey and B.N Jiang .(1998) " least squarefinite elementsfor first
order hyperbolicsys." Int.J. Num. meth.eng. 26, 81-93.

68- B.N Jiang and G.F Carey .(1988)" a stableleast squarefinite element
method for non-linear hyperbolic problems." int.j . num. meth. fluids.
8,993-42.

69- C.Johnson.(1986)" streamline diffusion elementsfor problemsin fluid
mechanics." vol6,pp.251-61 , Wiley, Chichester .

70- C.Johnson .(1987)" numerical solution of partial differential eq."
cambridge university press, Cambridge.

71- C.C.Yuand J.C.Helnrich .(1986) "petrov galerkin methodsfor thetime
dependent convectivetransport eq ." Int. J. Num. meth . eng . 23 ,883-901.
72- C.C.Yuand J.C.Helnrich .(1987) "petrov galerkin methods for
multidimensional ,time dependent convective diffusion eq ."
Int.j.num.meth.eng.,24 , 2201-15.

73- C.E.Baumann, M.A.Storti and S.R.Idelsohn. (1992) "A petrov galerkin
techniquefor the solution of transonic and supersonic flows' Comp . Meth .
Appl . Mech . Eng ., 95, 49-70.

74- P.A.B. de sampaio, P.R.M.Lyra, K.Morgan and N.P.Weatherill. (1993)

"petrov-galerkin solutions of theincompressible navier-stokes equationsin

130




&=l

primitive variableswith adaptive remeshing." Comp . Meth . Appl . Mech .
Eng ., 106,143-78.

75- JA.Cardle.(1995) " A modification of the petrov galerkin method for
thetransient convection diffusion equation.” Int . J. Num. Meth . Eng .
38,171-81.

76- S.R.Idelsohn, J.C.Heinrich and E.Onate. (1996) " petrov galerkin methods
for thetransient advective diffusive equation with sharp gradients.” Int . J.
Num . Meth . Eng,.39,1455-73.

77- R.Codina. (1998) "Comparison of some finite element methods for
solving the diffusion convection reaction equation.” Comp . Meth . Appl .
Mech . Eng ., 156,185- 210.

78- P.K.Mgji and G.Biswas. (1999)" Analysis of flow in the spiral casing
using a streamline upwind petrov- galerkin method." Int . J. Num . Meth .
Eng,. 45, 147-74.

79- R.A Adey and C.A Berbbia .(1974) "finite element solution of effluent
dispersion ,in numerical methodsin fluid mechanics." pp325 — 54 pentech
press , soothampton.

80- K.W Morton .(1985) "generalized galerkin methodsfor hyperbolic
problems." Comp . Meth . Appl . Mech . Eng ., 52,847 -71,1985.

81- R.E.Ewing and T.F.Russel.(1981) "Multistep galerkin methods along
characteristicsfor convection diffusion problems." Vol4,IMACS,pp.28-
36,Rutgers university , Brunswick,N.J.

82- J.Douglas, Jr and T.F.Russell.(1982) " numerical methodsfor convection
dominated diffusion problems based on combining the method for
characteristic with finite element or finite difference procedures.”
SIAM.JNum.Anal., 19, 871-85.

83- O.Pironneau. (1982)" on thetransport diffusion algorithm and its
application to the Navier-Stokes equation”.Num.Math., 38, 309-32.

131



&=l

84- M.Bercovier, O.Pironneau,Y .Harbani and E.Levine. (1982) "
characteristics and finite element methods applied to equations of fluids."
In the mathematics of finite element and applications,Vol 5,pp. 471-8,
Academic press,London.

85- J.Goussebaile, F.Hecht, C.Labadie and L.Reinhart. (1984) "finite element
solution of the shallow water equations by a quasi direct decomposition
procedure.” Int.J. Num. Meth . Fluids,. 4, 1117-36.

86- M.Bercovier ,O.Pironneau and V.Sastri.(1983) " finite elements and
characteristics for some parabolic- hyperbolic

problems." Appl.Math.Modelling,.7,89-96.

87- J.P.Benque,J.P.Greguire ,A.Hauguel and M,Maxant. (1983)" applications
des methods du decomposition aux calculs numeriques en hydraulique
indestrille, In INRIA,6",coll." Inst. Methods de calcul sci.et techn., Versailles,
12-16 des.

88- A.Bermudez, J.Durany, M.Posse and C.Vasguez. (1984) "An upwind
method for solving transport diffusion —reaction system.” Int. J. Num .
Meth . Eng ,.28, 2021-40.

89- P.X.Lin ,K.W.Morton and E.Suli.(1997)" Characteristic galerkin
schemesfor scalar conservation lawsin 2 and 3 space dimensions."
SIAM.JNum.Anal., 34,779- 96.

90- . O. Fironneau, J. Liou and T.T.l. Tezduyar.(1992) "Characteristic
Galerkin and Galerkin least squar es space-time formulationsfor the
advection-diffusion equaction with time dependent domain." Comp. Meth.
Appl. Mech. Eng., 100, 117-41.

91- O.C. Zienkiewicz, R. Lo hner, K. Morgan and S. Nakazawa.(1984) "Finite
elementsin fluid mechanics— a decade of progress, in Finite Elementsin
Fluids' (eds R.H. Galagher et al.), Vol. 5, chap. 1, pp. 1-26, Wiley, Chichester.

132




&=l

92- R. Lohner, K. Morgan and O.C. Zienkiewicz.(1984) "The solution of
non-linear hyperbolic equaction systems by the finite element method." Int.
J. Num. Meth. Fluids,4, 1043-63.

93- O.C. Zienkiewicz, R. Lohner, K. Morgan and J. Peraire.(1989) "High
speed compressible flow and other advection dominated problems of fluid
mechanics"’, in Finite Elementsin Fluids (eds R.H. Gallagher et a.), Val. 6,
chap. 2, pp. 41-88, Wiley, Chichester.

94- R. Lohner, K. Morgan and O.C. Zienkiewicz.(1985) "An adaptive finite
element procedurefor compressible high speed flows." Comp. Meth. Appl.
Mech. Eng., 51, 441-65.

95- O.C. Zienkiewicz, R. Lohner and K. Morgan.(1985) "Hihg speed inviscid
compressive flow by the finite element method", in The Mathematics of
Finite Elements and Applications (ed. J. R. Whiteman), Vol. VI, PP. 1-25,
Academic Press, London.

96- Erturk, Corke, and Gokcol (2005), "Numerical Solutions of 2-D Steady
Incompressible Driven Cavity Flow at High Reynolds Numbers',
International Journal for Numerical Methods in Fluids, Vol. 48, pp. 747-774.
97- . O.C.Zienkiewicz , P. Nithiarasu, R.Codinaand M.Vazquez .(1999)" The
characteristic based split procedure :An efficient and accurate algorithm
for fluid problems." Int.JNum.Meth.Fluids,31,359-92 .

98- O.C.Zienkiewicz and R.L.Taylor. (2000) "The finite element method" 5,
vl The Basis. ,fig9-12 ,p218.

99- O.C.Zienkiewicz and R.L.Taylor. (2000) "The finite element method" 5,
v1 The Basis. ,table 9-1,p220.

100-Guia, U., Ghia, K. and Shin, C.,(1982)." High-Re solutionsfor
incompressible flow using the Navier-Stokes equations and a multigrid
method." J. Comput. Phys., 48, 387-411.

133




&=l

101- Charles-Henri Bruneau, Mazen Saad(2006)" The 2D lid-driven cavity
problem revisited" j. Computers & Fluids 35 326-348.

102- R. N. Elias; A. L. G. A. Coutinho; M. A. D. Martins.(2004)" | nexact
Newton-type methods for non-linear problemsarising from the
SUPG/PSPG solution of steady incompressible navier-stokes equations'J.
Braz. Soc. Mech. Sci. & Eng. vol.26 no.3

103- V. D. Pereira; J. B. Campos Silva(2005) "Simulations of incompressible
fluid flows by a least squaresfinite element method"J. Braz. Soc. Mech. Sci.
& Eng. vol.27 no.3

104- Jayant Keskar and D.A. Lyn (1999) " Computations Of a laminar
backwar d- facing step flow at re=800 with a spectral domain decomposition
method" International journal for numerical methodsin fluids. Int. J. Numer.
Meth. Fluids 29: 411427

134




Shahrood university of technology

Modeling of flow in channels by
CBS Method

Mohammad S.Haghighi

Super visor

Dr.Ramin Amini

May 2011



	Binder1
	00000
	Word Bookmarks
	OLE_LINK115
	OLE_LINK116


	00001
	00002
	Word Bookmarks
	OLE_LINK27
	OLE_LINK28
	OLE_LINK33
	OLE_LINK34
	OLE_LINK35
	OLE_LINK36
	OLE_LINK37
	OLE_LINK38
	OLE_LINK39
	OLE_LINK40
	OLE_LINK41
	OLE_LINK42
	OLE_LINK45
	OLE_LINK46
	OLE_LINK104
	OLE_LINK59
	OLE_LINK60



	Binder1
	1
	11
	11

	12

	Binder1
	2
	21
	22
	23
	24
	Word Bookmarks
	OLE_LINK27
	OLE_LINK28
	OLE_LINK29
	OLE_LINK30


	25
	Word Bookmarks
	OLE_LINK31
	OLE_LINK32


	26
	27
	28
	29

	Binder1
	3
	31
	Word Bookmarks
	OLE_LINK33
	OLE_LINK34
	OLE_LINK35
	OLE_LINK36


	32
	33
	Word Bookmarks
	OLE_LINK37
	OLE_LINK38
	OLE_LINK39
	OLE_LINK40
	OLE_LINK105
	OLE_LINK106
	OLE_LINK107
	OLE_LINK108
	OLE_LINK41
	OLE_LINK42
	OLE_LINK69
	OLE_LINK70
	OLE_LINK109
	OLE_LINK110


	34
	Word Bookmarks
	OLE_LINK43
	OLE_LINK44


	35
	Word Bookmarks
	OLE_LINK71
	OLE_LINK72
	OLE_LINK73
	OLE_LINK74
	OLE_LINK75
	OLE_LINK76
	OLE_LINK77
	OLE_LINK78
	OLE_LINK102
	OLE_LINK103
	OLE_LINK45
	OLE_LINK46
	OLE_LINK104
	OLE_LINK79
	OLE_LINK80
	OLE_LINK81
	OLE_LINK82
	OLE_LINK83
	OLE_LINK84
	OLE_LINK87
	OLE_LINK88
	OLE_LINK91
	OLE_LINK92
	OLE_LINK67
	OLE_LINK68
	OLE_LINK93
	OLE_LINK94
	OLE_LINK97
	OLE_LINK98
	OLE_LINK99
	OLE_LINK100
	OLE_LINK101



	Binder1
	4
	41
	Word Bookmarks
	OLE_LINK1
	OLE_LINK2
	OLE_LINK49
	OLE_LINK50


	42
	Word Bookmarks
	OLE_LINK49
	OLE_LINK50


	43
	Word Bookmarks
	OLE_LINK49
	OLE_LINK50


	44
	Word Bookmarks
	OLE_LINK49
	OLE_LINK50


	45
	Word Bookmarks
	OLE_LINK3
	OLE_LINK4
	OLE_LINK51
	OLE_LINK52


	46
	Word Bookmarks
	OLE_LINK53
	OLE_LINK54


	47
	48
	49
	Word Bookmarks
	OLE_LINK5
	OLE_LINK6
	OLE_LINK86
	OLE_LINK85
	OLE_LINK89
	OLE_LINK90
	OLE_LINK95
	OLE_LINK96
	OLE_LINK7
	OLE_LINK8
	OLE_LINK119
	OLE_LINK120
	OLE_LINK115
	OLE_LINK116
	OLE_LINK9
	OLE_LINK10
	OLE_LINK11
	OLE_LINK12
	OLE_LINK13
	OLE_LINK16
	OLE_LINK15
	OLE_LINK18
	OLE_LINK17
	OLE_LINK20
	OLE_LINK19
	OLE_LINK21
	OLE_LINK22



	Binder1
	5
	51
	Word Bookmarks
	OLE_LINK55
	OLE_LINK56
	OLE_LINK57
	OLE_LINK58
	OLE_LINK59
	OLE_LINK60
	OLE_LINK61
	OLE_LINK62



	Binder1
	6
	61
	62
	63

	Binder1
	7
	7

	7فصل هفتم90 

	Binder1
	1
	A
	B
	C

	Binder1
	1

	end
	پایان


