in 2-dimenstional Calculation

#define NX 100 /# nx=100
#define NY 100 # ny=100

Static memory allocation:

double a[NY][NX];

Memory Allocation ’
GSIC

nx >

When we want to change the array size ny
after the program runs,

Dynamic memory allocation:

1-D memory allocation is simple.
double a[NX];

double *a=(double *) malloc(nx*sizeof(double));

Dynamic Memory Allocation ﬂ
for 2-D Array k
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Array pointer: [E==——
===
double **a; E=m==—==)
EEE )
. E=====)
a = (double **) malloc(ny*sizeof(double *));

for(i=0; i <ny; i++) a[i] = (double *) malloc(nx*sizeof(double));
ny times malloc 1-D array of nx size

*a = (double *) malloc(nx*ny*sizeof(double)); ; &
1-D array of nx*ny size n _:
for(i = 0; i < ny; i++) a[i] = &((*a)[i*nx]): ol < ==
assign pointes o -

P
Using 1-D Array as 2-D mesh g
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double *a; I
a = (double *) malloc(nx*ny*sizeof(double));
Self-organization: j = nx*jy +jx;
aliyllix] = alj] =
aljyllix+1] = afj+1] < 5

afjyllix-1] == a[j-1]
afjy+1][ix] = a[j+nx]
afjy-1][ix] == a[j-nx]

-— NX —->

Using MACRO:
#define  A(i, ) Alnx*j + ]
AT +1] = (Alnx + ] — Afnxs + 1 — 1]yl
m— A, ) = (AG, ) - AG-1, j)/dX;

»

3rd-order Upwind Scheme }
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For u<0 ox 6AX
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ot oX oy
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ot B6AX
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Use the Runge-Kutta _y i PO TN hj

4-stage Time Integration 6Ay

Foru>0, v=>0
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Accurary Check of
3d-order Upwind Scheme

2-D Cubic Semi-Lagrangian(l/Z)‘

N

7

6f af 8f : In the case i s B8 2 8
— 4+U—+Vv—=0 uij<0, Vij<0 o
o oxay / | | .
Advection velocity fi‘n;'l = R, (-uAx,~VAt) :
u=1 v=1 5 / —_,— T
o Q. _ . T W - [
e # 5% 1D Interpolation
f(x,y) =sin(k,x)sin(k,y) ™ y 4 o6 lp .
X -4
(k, = 2m, k, = 2n) & =
|
& o—O0
Boundary Condition: - CUTTLET]
Periodic in the x, y-direction Ax S oo e
2-D Cubic Semi-Lagrangian(2/2) & 2-D CIP Method(1/2) }
GSIC of o o GSIC
0 of of I —+U—+Vv—=0 Dependent Variables: f, f,, f, f,
4t uUu—+v=—=0 . ot OX
ot ox oy - x-directional nil _ nogn
_ _ ; o R =F(f", £,7)(-uAt)
Advection velocity 2 f,, 4=————@=——=4¢1.,. interpolation: g e
u:l’ V:l g X,il_ X( ’ X)(_u t)
Initial Condition gm = TYPE_C fy,i = F(fy ) fxy)(_UAt)
—UAX,—VAt n+1 n n
f(x,y) =sin(k,x)sin(k,y) ™ (FumeaD fot=F.(f), f0)(-uAt)
(k, =2, k, = 2n) " y-directional il -
’ g Ty @——+¢., interpolation: fiM =G(f ’ f n)(_VAt)
. b ~S5 1A
Fg fi = F(—UAX) = a& + b(t3 + fx,ié—i_ fi fxr'];rl = G( fxn1 fxr;)(—VAt)
Boundary Condltlon 0.02 0.04 0.06 0.08 0.1 f n+1 = f n f " - A
Periodic in the x, y-direction Ax az&(fmfo)—ﬁ(fi—fH), b:i(%,wfx,ﬂ)—ﬁ(fi—f.,l) Xy, i Gy( X 1 xy)( v t)s
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”
2-D CIP Method(2/2) k
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TYPE-C 1 aoki, 3. comp. Fluid Dynamics, 1997
£ = F (£, £7)(-UAT) = aE® +bE? + £, &+,
1 n n 2 n n 1 n n 3 n n
azﬁ(fx,ﬁfx‘j-l)_ﬂ(fj_fj—l)! b:E(Zf i+ f )E(f'_f )

X, j-1 j j-1
£ = F(f", £7)(-UAt) =3ag? + 2b& + f, |

Replacing f—f,  f —>f,

f n+1

= F(f], f1)(~VA) = &% +dg? + £ &+,

Xy, ]

I (110 B X TP TO R (EAEN

Xy, j Xy, j-1 y.j-1

£ = F (7, 1)(~VAt) = 3¢&” +2de + 1, .

2-D Advection-diffusion
Equation

2 + 2
ot ox oy oX~ oy
Advection term: 3rd-order upwind scheme:
Diffusion term: 2nd-order central difference:
For u>0, v=0

of of of (62f aij
—+U—+V—=K

of __ 2f+3f 68+ £l 260, +315 -6+

i,j+1

‘ GSIC

ot B6AX 6AY

H{f,ﬂ“ 2fizj+fiilyj+f,1+1 2f2+f" J
AX Ay

Use the Runge-Kutta 3-stage or 4-stage Time Integration
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