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Chapter 8
Complex Geometries



Computational Grid
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® Structured Grid, Cartesian grid.

®» Non-Uniform Grid
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Computational Grid

® Structured Grid, Cartesian grid.
L.ﬂ Non-Uniform Grid.
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Computational Grid
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Computational Grid

® Structured Grid, Curvilinear (or Body-fitted) Grid.
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Computational Grid

NN oz

lllﬂ |"| Il |t e s
\ Iy |I i
I Ty
I|||II | A e e
_II 1 ! iy ”‘"’3"’”’3‘3{ i o
]) RERrIe,

i
; S 77
f r I

R .l".r.l".r.-"
T
177

L
i
s
+

|||||||',' DT s
i
[kt

il
it

i
hil

A
"
i

L

i

\a%m
B

=
-
=
—
=1
1
—

iy

i

il
LR
A

|
11

® Structured Grid, Curvilinear (or Body-fitted) Grid.

ES440 CFD : Chapter 8 March 11, 2005 — p. 7/1



Computational Grid
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® Unstructured Grid.
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® Finite Volume Method (FVM) or Finite Element Method (FEM).
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Computational Grid

® Unstructured Grid.

.




Coordinate Transformation

(z,y) physical domain = (£,n) computational domain.
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Coordinate Transformation
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Coordinate Transformation

-

® (x,y) physical domain = (¢£,17) computational domain.

of AL 0§ Ag
dr Az’ dy Ay’
B oy _An on_ Ay
or Az’ 0Oy Ay
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Coordinate Transfor mation
f.o Using the chain rule, the derivatives in the continuity equation
can be written as

Ju  OJud§ Oudn
9z 0tox | onodx
dv  Ovd§ 0Ovon
dy ~ 9oy ooy’

(1)
(2)

® S0, the continuity in the general coordinates is

%%+%@+8v8§+8v8n_
0 0x  Ondx 00y Ondy

0. (3)

® On a conformal grid,

dr Ody 0Oy Oz

| oy~ 0E oy oE X

ES440 CFD : Chapter 8 March 11, 2005 — p. 13/1



Coordinate Transformation

-

® On a conformal grid,

or _oy oy _ou :
on ¢ oy o ©)

® Using the Jacobian relations

oc_1oy o5 _1ow
or Jon oy  JOn’
on 10y 0On 10z

gr JOE By JOE )

(6)

® The conformal grid relations can be written as

o o on_ o 8
oy~ oz’ Oy oz (6)

.
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Coordinate Transformation

f.o Using the above relations. The derivatives in the continuity
equation can be written as

ou_ouon _ou s 9
dz 0Dy  ondy’ ®)

o _ovok _onon .
9y 0cdy T onoy (19)

® S0, the continuity equation can be written as

oudn  udE  OvoE  dvdn
DEdy ooy ocoy T onay (1)

® Rearranging the equation leads

dudn Ovo§ Jud§ 0Jdvdn
| dEdy Tocoy onoy ooy O (12
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Coordinate Transfor mation
f.o Rearranging the equation leads

O (o, 08N 0 (08 on )\ _
D€ <8yu+3yv>+0n( aqurayv)—O. (13)

® Finally, the continuity equation in generalised coordinates is

(‘)_U + (‘)_V =0 (14)
o¢ o 7
where
_(9On 0§
U= <0yu+ ayv) : (15)
(9§  On
V = ( 8yu+ ayv) : (16)
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Non-Uniform Grids

-

® For the transformation £ = g(x), we use the chain rule to
transform the derivatives to the new coordinate system

af  dedf
dz  drdf’ 17
dif _ df
dz 9 (18)
& Similarly,
d*f ,df
da? ~ ( ds) )
2 _ s -

72 = 9 d—€+(9) preh
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