»
2-D Poisson Equation }

GSIC
2 2
o’p, op
>t~ 2 =P
oX~ oy
In the case of out oV
incompressible flow computation : p = §+— / At

Discretization by the center finite difference method :
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SOR method:
pi(,r}ﬂ) =(1-o) pi(,r})
pilt; + YY) P+ RIS AX*Ay*
+o 2 + 2 —Fij 2 2
AX Ay 2(AX" + Ay©)

n: iteration step
o : relaxation factor (0 < ® <2)
Example: p(X, y)=Sin(kXX)Sin(kyY)

(0<x<1, 0<y<1)
periodic boundary condition
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Coupling between 2
Velocity and Pressure %C

Poisson Equation :  Ap :E

n+1

Velocity Correction : u™ =u" —Vp-At

Collocated grid Staggered grid Staggered grid

(Arakawa-A) (Arakawa-B) (Arakawa-B)
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Collocated Grid }
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Vi,j+lé>pi,j+l . .
Velocity Divergence :
V.u= Uiy =Uicj | Vi = Vi
2AX 2Ay
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Velocity Correction :
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Staggered Grid

(Arakawa-B)

Velocity Divergence :
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Staggered Grid

(Arakawa-C)

Velocity Divergence :
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Homogeneous

2-D Incompressible Flow

Navior-Stokes Equation (normalized) Incompressible flow condition

ou 1 _
—+u-Vu=-VP+—Au V-u=0
ot Re
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STEP | : Solving Burgers Equation ----------- —+u-Vu=—Au
e
: T ou” o
STEP Il : Getting Velocity Divergence ---------- P=(6X+ay]/At
o*p d%*p
STEP Ill : Solving Pressure Poisson Equation - - - - y+?=0
. . ou
STEP IV : Correcting Velocity - - --------------- 5=—VP

Turbulent Flow
GSIC

Initial velocity profile satisfying the divergence-free condition,
7 ~a]y o 5z = Tk T au av

u, (%, y) =sin(k,x)sin(k,y)
v, (X, y) = —sin(k,x)sin(k,y)

u(x,y)= —kicos(kxx)sin(kyy)

X

V(x,y)= kisin(kxx) cos(k,y)

y
(0<x<1, 0<y<l)
Periodic boundary condition
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