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e.g. perfect gas p = pRT and 1 = C,T (2.29)
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div(T grad ¢) + Sy =0



div(T grad ¢) + S, =0

The control volume integration, which forms the key step of the finite
volume method that distinguishes i1t from all other CEFD techniques, vields
the following form:
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Step 1: Grid generation



Mesh Terminology

Node
(Vertex)
7™ /
Cell
O | Centroid
Cell
Face
L

- Node-based finite volume scheme: ¢ stored at vertex

 Cell-based finite volume scheme:. @ stored at cell centroid



Terminoloqgy

« Cell = control volume into which
domain is broken up.

- Node = grid point.

« Cell center = center of a cell.
- Edge = boundary of a face.

- Face = boundary of a cell.

« Zone = grouping of nodes, faces,
and cells:
— Wall boundary zone.
— Fluid cell zone.

- Domain = group of node, face
and cell zones.
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Typical cell shapes

« Many different cell/element and grid types are available. Choice
depends on the problem and the solver capabillities.

« Cell or element types:

triangle 2D prism
- 2D« “ g‘ (quadrilateral
: (*“tri”)

01. “quﬂd”)

1 1 | prism with
tittl atliEdl on o quadrilateral base
— 3D: (“tet”) (hexahedron or “hex™)
prism with
pyramud triangular base
(wedge)

arbitrary polyhedron




Mesh Types

Regular and Stair-stepped
body-fitted representation of
meshes complex geometry



Mesh types (cont’d)

Block- Unstructured
structu I‘ed meshes

meshes



Grid design quidelines: resolution

« Pertinent flow features should be adequately resolved.

—
—

o

flow inadequate better

« Cell aspect ratio (width/height) should be near one where flow is
multi-dimensional.

« Quad/hex cells can be stretched where flow is fully-developed
and essentially one-dimensional.

Flow Direction

OK!




Step 1: Grid generation
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Step 1: Grid generation
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Step 2: Discretisation
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Step 2: Discretisation

Jd FM} dl + J Sd) = F_dd—qﬁ - l“_dd—ﬁﬁ +SAV = () (4.4)
dv| dx dx dx

AV Al

Here A is the cross-sectional area of the control volume face, Al 1s the
volume and .S 1s the average value of source .5 over the control volume. It 1s
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Step 2: Discretisation

J d (Tdﬂdf»@ deV: [FACM} - {FAM] +SAV= 0 (+.4)
dx dv d e dx w

AV Al

Here A is the cross-sectional area of the control volume face, Al 1s the
volume and .5 1s the average value of source .S over the control volume. It 1s




Step 2: Discretisation

J d [Fd¢JdV+ ISdV= {FAMJ - (FAMJ +SAV = 0 44
dx dv d e dx w
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Step 2: Discretisation

J d [Fd¢JdV+ ISdV= {FAMJ - (FAMJ +SAV = 0 4.4)
dx dv d e dx w




Step 2: Discretisation

J d Fd¢ dl + J Sd) = FA@ - F_ddj +SAV = () (4.4)
dv| dx dx dx

AV Al ﬂ"

Substitution of equations (4.6), (4.7) and (4.8) into equation (4.4) gives

r,jx{f{qjﬁ — ‘i"”] - l“mAm( Or ‘p”’] + (S, +5,0p) =0 (4.9)

| Oxpg Oxpyp

This can be rearranged as

T r r T
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Step 2: Discretisation

OXye

(4.10)



Step 2: Discretisation
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Step 2: Discretisation

apOp = awQuy + agQp+ .35,
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. Step I11: Solution of Equation
Direct Method
Iterative Method

In Chapter 7 we describe matrix solution methods that are specially designed
for CFD procedures. The techniques of dealing with ditterent types of
boundary conditions will be examined in detail in Chapter 9.



Diffusion Problems

Example I: Consider the problem of source-free heat conduction in an insulated rod
whose ends are maintained at constant temperatures of 100°C and 500°C respectively.
The one- dimensional problem sketched in Figure is governed by:

df d7’
—k— =0 Al—_—————F7y_ __—__—_ — —_ _
d.rx dx D_

4 To= 100 ‘\ Tp = 500

Area (4]
Calculate the steady state temperature distribution in the rod.
Thermal conductivity kequals 1000 W/m.K, cross-sectional

area Ais 10 x 103 m2.

IL:J




Diffusion Problems

Let us divide the length of the rod into five equal control volumes as
shown in Figure (6x = 0.1 m).
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Diffusion Problems

Let us divide the length of the rod into five equal control
volumes as shown in Figure (6x = 0.1 m).

2 3 4 5
e | | |
- : . - » | T

. ———

Bx | 8x /2 |

| o

| S/ | Hx
—

For each one of nodes 2, 3 and 4 temperature values to the east
and west are available as nodal values.




Diffusion Problems

The thermal conductivity (k. = &, = k), node spacing (6x) and
cross-sectional area (A, = A, = A) are constants. Therefore the
discretised equation for nodal points 2, 3 and 4 is:

i-l'_,za:!:p: {!”'I.J[' + {!Jr_'?‘_ﬁ'

iy i dp

—A TI @y t+ag

o

o ax

S, and S, are zero in this case since there is no source term in
the governing equation



Diffusion Problems
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Nodes 1 and 5 are boundary nodes, and therefore require special

attention.
For node 1:
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Diffusion Problems
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Discretised equation for boundary node 5:

Ty—T To—T),
pA| 2—L | — k4| L—E | =0 (4.19)
ox/2 ox




Diffusion Problems
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The discretised equation for boundary node 5 is
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Diffusion Problems
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Diffusion Problems
. For kA/6x = 100 Is:

——————— 3007, =1007,+ 2007,
e | 2007;=1007,+1007;
sl | " [ 2007 = 1007, + 1007,
o Lo fo [n I 1 2007,=1007;+ 10075
a | s et 30075 = 1007; + 2007



Diffusion Problems

Nﬂdﬁ ﬂ'ﬁr #E .5. SP #.F= ﬂ'ﬂr'l' ﬂf - Sf

l ] 100 2007, —200 300
2 100 100 | | 200
3 100 100 | | 200
4 100 100 | | 200
) 100 | 2007, - 200 300




Diffusion Problems

Node dy iy 5, Sp Bp=dy+ g — Sp

1 0 100 2007, —200 300

- 100 100 0 0 200

3 100 100 0 0 200

4 100 100 0 0 200

3 100 0 2007, —200 300
300 100 0 0 0|7 (207,
100 200 <1000 0 O[Ty | o

0 -100 20 100 0|Ty|=]| O
00 -100 200 -l00f\7,| | O
00 0 -0 3075 207
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Diffusion Problems

75 = 500 the solution of eguation can
for e

xample, Gaussian elimination:



Diffusion Problems

. For 7,=100 and 7z =500 the solution of equation can
obtained by using, for example, Gaussian elimination:
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