Incompressible Flow 2
around a body %»C

Useful CAE tool for aerodynamics studies

B Aerodynamics design for cars.
M Air flow analysis for heat problems inside PC.
B Environmental studies of the wind around buildings.

We are interested in the interaction
between flow and bodies (materials)

Boundary Condition 7'
at the body surface %}:

Non-slip velocity condition:
u=0
u=0 op 1 d% %
—_— = ~ O =
v=0 o ay Re 5y2 High Reynolds v=0 ¢
% Z number
o _12u

= ~ 0
oXx Re ze High Reynolds

number

‘lp = X-Wall Boundar
ay‘o ( ) } Neumann Boundary

SMAC Algorithm :

Z—sz (Y-Wall Boundary ) condition
X

Discretization for )
u, v and p at the x-wall }
v GSIC
Arakawa-A: o —p P
U, =0 v, =0 %:0 7 7
Pij Pi;
Pij— Pija ®. v @
Arakawa-B: A—yzo o
u;=0 v;=0 S, v
Piyj = Pigja ~0 ) Pisja .p”‘l
Ay
Arakawa-C: A Vg @ @
Uij = Ui Vij= 0 HA—)/LJ_l: 0 A
Uiy j = Uiy ja ﬂ Uiy ja d

Discretization for )|
u, v and p at the y-wall

GSIC
Arakawa-A: Pisi = Piai _ g
ui,j = 0 Vi,j = O ZAX pifl,j
. . p'l
Arakawa-B: )
. _ AX ) @ P
Ui‘j =0 Vi,j =0 Pitja 7
Pisj = Pitju ~0
AX V.
i-1,j+1 .Viv]-ﬂ
Arakawa-C: u
V... =—v Pij = Pigj Pis; @ C% @ h
u =0 i1 = Vigju ——=0
b AX
Viii=Viaj Vi | @ v ® v,




Boundary Treatment 3
for the pressure ‘.
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Indicator: iw (at the same point as the pressure)
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Boundary Condition for
Computational Domain E

GSIC
Computational domain : 0<x<L, 0<y<L,
Grid size . nx, ny
Grid spacing : Ax=L,/(nx=3), Ay=L,/(ny-3)
Flow in / Flow out :
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Boundary Condition 2
for the Velocity %C
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for the Pressure ;
GSIC

pO,ny—l\\ - pnx—l,ny—l

Po.o

pnx—l,O

Elp|EE DD E| D
E|O|O0|0|O(O|O|O0|O|O|0|O(O|O|O0|m|m
E|Oo|O|O|O|O|Oo|jOo|O|O|lOo|Oo(O0|lO|0|®|@=
E|Oo|O|O|O(O|O|jOo|O|O|Oo|O(O0|O|0|®|@=
E|O0|O0|O|O0(O0|O|O|O|O|Oo|Oo(O0|O|0|m| &
BE|Oo|O0|O|O|O0|jO|O(O|OjO(o0jOo|jOo|0| @ | @
E|Oo|O|(0|O0|O|Oo|(O0|Oo|Oo|jOo|(o|jOo|Oo(O(m| @
E|o|O|(O0|O|O|Oo(O0|O|Oo|jOo(o|Oo|O(0(m| @
E|Oo|O|O0|O|O|Oo(O|Oo|Oo|jOo(o|Oo|Oo|(O0(m| @
E|O|O0|O|jO|O(O|Oo|jOo|jOo|jo|o(Oo|jOo|O0|m| @
E|Oo|O|(0|O0|O|O(O0|Oo|Oo|jOo|jo|jOo|o(O| e @
E|Oo|O|O|O0|O|Oo|jOo|O|O|lOo|Oo(O|O|0(®|@=
E|O|O0|O0|O0(O0|O|O0|O|O|Oo|Oo(O|O|O0(®m| @
E|O|O0|0|O0(O|O|O0|O|O|O0|Oo(O|O|O0(®m|@
E|o|O|O0|O0|(O|O|O0|O|Oo|Oo|O(O|O|O0(®E|@
E|(o|O|O|O|(Oo|Oo|O|O|lOo|O0o|Oo(Oo|O|O0(E|@
E|O|O0|O|O|O|jO0|O|(O|jO|jO(Oo|jOo|O(O0|@| @
E|(o|O|O0|O(O|Oo|O|O|Oo|Oo|Oo(O|O|O0(®E|@
E|(Oo|O|O0|O(O|Oo|O|O|Oo|Oo|Oo(Oo|O|O0(E|@
I I o I o o o o I o o I O o I A I -

\

14




Proper Layou
of the bodies

t )
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Bad Layout

of the bodies
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Typical Computat Submission 2

Results

ional A

‘ GSIC

of the Final Report

‘ GSIC

Modify the sample code and set the body of

your favorite shape.

Show the numerical results (snap shots) and

describe your consideration from the view

points of both numerical calculation and fluid

dynamics.

Deadline: 15" February, 2009
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www.sim.gsic.titech.ac.jp/Lecture/CFD2008/program27.tgz
www.sim.gsic.titech.ac.jp/Lecture/CFD2008/bee27.tgz
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