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Numerical Heat Transfer

Chapter 13 Application examples of fluent for

basic flow and heat transfer problems
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13.1 Conductive heat transfer in a heat sink

13.3 Flow and heat transfer in a micro-channel
13.4 Flow and heat transfer in chip cooling
13.5 Liquid cooling of photovoltaic panel

13.6 Phase change material melting with fins
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Review: The 10 steps for a Fluent simulation:

~N o ok

8.
9.

Read and check the mesh: mesh quality.

Scale domain: make sure the domain size is right.

Choose model: write down the corresponding governing
equations iIs very important.

Define material: the solid and fluid related to your problem.
Define zone condition: material of each zone and source term
Define boundary condition: very important

Solution step: algorithm and scheme. Have a background of
NHT.

Initialization: initial condition

Run the simulation: monitor the residual curves and certain

variable.
10. Post-process: analyze the results.
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13.2 Unsteady cooling process of a steel ball

JERR A B PR 2P R1E

Focus: compared with previous example, this
example focuses on setting of unsteady problem.

6/45
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13.2 Unsteady cooling process of a steel ball

Known:
A steel ball with initial uniform temperature of 723 K

was placed in air of 303K.

(D=5 cm, density is 7735kg/m3, capacity is 480 J/(kg K),
conductivity is 33W/(m K) ).

m Outside boundary condition : convective BC

Fluid temperature: 303K
Heat transfer coefficient: h=24W/(m-?K) .

m Inside :initial temperature is 723K . .
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3rd kind of boundary
condition.

Fig.1 Computational domain
8/45
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Find: Temperature evolution in the steel ball.

Solution:

o(pC.T
G @tp ):div(FTgradT)

It Is an unsteady heat conduction problem with given GAMA.

Energy:

Remark: here we write the energy governing equation in
the improved form with nominal density pC, . The
Improved form Is adopted in our general teaching code
as well in Fluent.
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Start the Fluent software

1\ SEIeCt 3D dimenSion aS it iS EFluentLauncher _

a 3D problem. ANSYS Fluen
Dimgngjnn Optionz
(2D Double Precision
° lﬂ] Meshing Mode
2~ If “display mesh after -_ | o
' 2 3 Dgaiz;ﬁ:jlidnesshﬁfterFleading I ' g‘c;::g =t '
readlng lS SeIECted’ after the Embed Graphics \Windows () Parallel
Fluent is launched, the mesh ] Wotkbench ClorSchens

will automatically shown in
the interface.

3+ For most cases the single precision version of Fluent
IS sufficient. For heat transfer problem, if the thermal
conductivity difference between various components are
high, it is recommended to use Double precision version,
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Step 1: Read and check the mesh

m The mesh is generated by pre-processing software such as ICEM,
GAMBIT or Meshing. The document is with suffix (Jg&44)
“xx.msh”

m This step is similar to the Grid subroutine (UGRID, Setupl) in our

general code.

EJ Fluent@DESKTOP-2C2B0S0 [2d, pbns, lam]

Fle Mesh Define Solve Adapt Surface Display Report Parallel

Read
Write

Import

Export

Export to CFD-Post...
Solution Files...
nterpolate...

FSI Mapping

Save Picture...

Data File Quantities...

Batch Options...

Exit

»

»

»

»

Data...

Case & Data...
SAT Table...

DTRM Rays...
View Factors...

Profile...

Scheme...

Journal...

wall

:T D -

oo
Solution Initislization

Calculation Activities [ Gravity

Run Calculation

Units...

Mesh->Read

> Reading "C:\Usersilichennht\Desktop\[FE2 57 {4+ E1Hval
Done.
114545 tetrahedral cells, zone 5, binary.
225844 trianqular interior faces, zone 6, binary.
6492 triangular wall faces, zone 7, binary.
28774 nodes, binary.
28774 node flags, binary.

Building...

mesh

materials,

interface,

domains,
mixture

ZONes,
wall
int_created_material_3
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Mesh->Check

m Check quality and topological information of the mesh

Mesh Check

Domain Extents:
®x-coordinate: min {m)
y-coordinate: min (m)
Z-coordinate: min {m)

Uolume statistics:
minimum volume {m3): 1.4%41216e-108
mazimum volume {(m3): 1.394640e-09

total volume {(m3): 6.519246e-085

Face area statistics:
minimum face area (m2): 3.881175e-87
maximum face area (mM2): 2.646230e0-06

Checking mesh.......uciiiennnccnnnnnnns

Done.

m Sometimes the check will be failed If the quality Is not
good or there is a problem with the mesh.

2.497915e-82
Z2.580808e-82
2.496219%9e-82

-2.4991946e-82, max (m)
-2.5000800e-82, max (m)
-2.498061e-82, max (m)

Face area statistics:

WARNING: invalid or face with too small area exists. WARN ING: MEEh I:hEI:I{ 'FEI'EI:' .

minimum face area (m2): 0.000000e+00
maximum face area (m2): 5.081937e-03

=
WARNIMG: The mesh contains high aspect ratio quadrilateral,
hexahedral, or polyhedral cells. 12/45
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2st step: Scale the domain size

General->Scale

m You also can scale the domain size use “Convert Units” or
“ Specify Scaling Factors” command.

Scale Mesh %
Scale Mesh
Domain Extents Scaling I
' : [ 2 Domain Extents
Xmin (3l >4 99195 Xmax (m) [24.97915 (® Convert Units _
(O specify Scaling Factors Xmin {m) |—D.D24*39196 Xmax {m) |D.que?915
Ymi Y, Mesh Was Created I
min (mf[ 55 max (m) (25 esh Was Created In e vmin () [ g2z Ymax (m) 5 oos
mm v
Zmin (m}[.>4,58061 Zmax (m) (4,96219 <Select> zmin (m) [5.02498061 Zmax (m) [0 02496219

View Length Unit In
m iV

View Length Unit In
m W

11 e

Z ‘o 001

/ \
e |5 |

Cloze Help

Close Help

13/45
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Meshing
Mesh Generation
Solution Setup

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Maonitors

Solution Initialization
Calculation Activities

Biim Calmilatinn

General
Mesh
Scale...

Display...

Solver

Type
Pressure-Based
() Density-Based

ime

() Steady
@ Transient

|:| Gravity

Check

Velodty Formulation
(@) Absolute

() Relative

Report Quality

Uinits...

CFD-NHT-EHT
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Choose the “transient” for a unsteady problem!

14/45


/
/

iy ) CFD-NHT-EHT
¥ :3*' ){@){% CENTER

Step 3: Choose the physicochemical model

P _
JOR BT
L Bl LR LT

F 'y L T L ol o T
ow Fluent@DESK

File Mesh Define Solve Adapt Surface Display Report Paralle

- ' .
21 Al e am. transient
S, R, BRSNS s RIS ==

O E-d-8e S+TQQ A QL0

Meshing Models

Mesh Generation Models a pC T
Solution Setup |MulﬁEhase - Off P
General

=div(/ . gradT)

Viscous - Laminar
Radiation - Off at
Materials Heat Exchanger - Off
Phases Spedes - Off
Cell Zone Conditions Discrete Phase - Off
Boundary Conditions Solidification & Melting - Off
Mesh Interfaces Acoustics - Off

Dynamic Mesh Eulerian Wall Film - Off

Reference Values

Solution

sctonvetrods || B3 EVeroy x The energy equation is

Solution Controls Energy |
Monitors

Solution Initialization Energy Equation I -
Caloulation Activities aCt I Vated .

Run Calculation QK cancel Help
Results

Graphics and Animations
Plots Help
Reports

15/45
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Step 4: Define the material properties

|

File Mesh Define Solve Adapt Surface Display Report Para

E-Hd-@Q| S8R S QALMR-O

Mesh Generation ; - -
h default fluid
Solution Setup Fluid e e au u I I n
General
Models .
Cell Zone Conditions
Dynamic Mesh
Solution Controls

| Meshing Materials
T Fluent iIs air.
e o The default solid in Fluent
et etode Is Aluminum.
For Example 2, steel

Run Calculation

material should be added.
Reports Create /Edit... Delete

16/45
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Create/Edit Materials et
Mame Material Type Order Materials by
steel solid v | | @Name
() Chemical Formula
Chernical F |
Smits’ Torms Fluent Solid Materials
cteel Fluent Database. ..
MischLire User-Defined Database. ..
none
Properties
. ~
Density (ka/m3) constant | Edit...
J753
Cp (Spedfic Heat) (jkg+) |::or1513r1t «| Edit...
430
IThermal Conductivity (wm-) constant | Edit
36
]
Change/Create Delete Close Help

The properties of steel are manually inputted.
17/45


/
/

=l ) CFD-NHT-EHT
7 :3&' XA A E% CENTER

Step 5: Define zone condition

flow Fluent@DESKTOP-UNIRNO7 [3d, dp, pbns, lam, transient]
File Mesh Define Solve Adapt Surface Display Report Parallel

E-d-@e| SRS QLR -0O-

Meshing Cell Zone Conditions
Mesh Generation Zone . _

Soluton Setup In this step, we define
e .
Vaterl the cell zone conditions.
all Zone Conditions|

Bound Condit .

Souncery Condtons The cell zone i1s a ball
Dynamic Mesh
Reference Values

Soutor made of steel, so you

Solution Methods
Solution Controls

Moritor should choose the type
Solution Initialization
Calculation Activities

- 66 l‘ d”
Run Calculation SO 1 °
Results mixture
Graphics and Animations
Flots Edit...
Reports . o
Parameters... | | Operating Conditions...
Display Mesh...

18/45
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Solid Y

Zone Mame

|created_material_3
Material Name | cpoq) w | | Edit... |

| [Frame Motion [ _|Source Terms
[ ]Mesh Motion [ _]Fixed Values

— |

Reference Frame | Mesh Motion | Source Terms | Fixed Values |

Rotation-Axis Origin Rotation-Axis Direction

X (m) ([ constant e %o constant e

¥ {m) [ constant e Yo constant e
Z (m) [ constant e 21 constant e
[

Be sure the material is steel and others keep as default.

19/45
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Step 6: Define the boundary condition

B flow Fluent@DESKTL

File Mesh Define

Solve Adapt Surface Display

Report Parallel

= - 0 -
P

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

FPhases

Cell Zone Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Monitors

Solution Initialization
Calculation Activities
Run Calculation

Results

Graphics and Animations

Plots
Reports

Boundary Conditions

Zone

@@ S QLR-O-

int_created _material_3

Now, you need to define
the “Boundary conditions”
Firstly, ensure the “type”
is “wall”.

Then click the “edit” to
edit the BC.

Type 1D
mixture wall « |7
Edit. .. Copy... Profiles...
Parameters... | | Operating Conditions...

Display Mesh... |  Periodic Conditions. ..

[ ]Highlight Zone

20/45
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Zone Mame

wall

Adjacent Cell Zone

created_material 3

Momentum  Thermal | Radiation | Species| DPM | Mutiphase | UDs | wall Fim |

Thermal Conditions

I:::I Heat Flux Heat Transfer Coeffident (w/m2+) (247 ———

(] - ]
D MI}(Ed wall Thickness (m) |III
() via System Coupling R

| Material Mame |
5tEE| LY Ed|t, . D ShE" Cﬂnducﬁﬂn DEﬁl'IE- .

Free Stream Temperature (k) (353 constant

Heat Generation Rate (w/m3) (g constant

In this problem, the BC is third kind of boundary
condition, so we select “Convection” and Input 24 for
“Heat Transfer Coefficient”, and 303 K for the “Free

Stream Temperature”.
21/45
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Step 7: Solution setup: algorithm and scheme

. Meshing Solution Controls
flow Fluent@DESKTOP-UNSRMNOTY [3d, dp, pbns, lam, transient] Mesh G .
Miesh Generation .
File Mesh Define Solve Adapt Surface Display Report Paralle : LT T R
Solution Setup -
- . P ressure
;3 hd H 1| @ S +I+ @ (ﬂ J L ﬂg hd I:‘ hd General
Models 0.3
Meshing Solution Methods Materials Density
Mesh Generation Pressure-Velodty Coupling Phases
Solution Setup o Cell Zone Conditions L
General =me Boundary Conditions Bodv F
Models i > Mesh Interfaces acy rorces
Materials Spatial Discretization Dynamic Mesh 1
Fhazes , Reference Values
Cell Zone Conditions Gradient coluti Momentum
Boundary Conditions Least Squares Cell Based w oiutian 0.7
Mesh Interfaces Erzzz Solution Methods
Dynamic Mesh Sacond Grder — Solution Controls) Eneray
Reference Values e M,:,ni?:,rs - i
Solution Second Order Upwind i Solution Initialization
Eolution Methods] Eneray Calculation Activities
Solution Control i
MD u. on Lonireis Second Order Upwind ~ Run Caleulation Default
onitors
Solution Initializati Results : —
olution Inimalizatan ] o Equations... | | Limits... | | Advanced...
Calculation Activities Graphics and Animations
Run Calculation Transient Formulation Plots
Reslts First Order Implidt v Reports

Graphics and Animations Help

Plots
Reports

|:| Mon-Tterative Time Advancement
[ ]Frozen Flux Formulation
[JHigh Crder Term Relaxation

The  default  algorithm,
schemes and under-relaxation
factors are used. 22/45
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B flow Fluent@DESKTOP-UNIRNC

File Mesh Define

Solve Adapt Surface Display Report Paral

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Fhases

Cell Zone Conditions
Boundary Conditions
Mezh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Solution Initialization
Calculation Activities
Fun Calculation

Results

Graphics and Animations
Plots
Reports

Monitors

Residuals, Statistic and Force Monitors

Residuals - Print, Plot
Statistic - Off

Create - Delete

Surface Mo

Create... | |Edit... | Delete

Yolume Monitors

S P AR A @ AR~ O -

In this step, the residual
can be changed.

You also can define

point, a line or a surface
to monitor related

variables.

d

23/45
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Here, you can create a point i ot | R
by clicking “surface” and S ] E;:t
choose “point”, the “point” i
dialog will display. o

Iso-Surface...

Iso-Clip...
Adapt Burface
Marl/hdapt Cell= - gb Create - Transform...
] Manage Registers. .. ] Manage. . .
Point Surface *
Options Coordinates
[1Peint Teal g fn) | 6. 407506 |

o @0 |

20 (n) |-8. 2117106 |

| Select Point with Mouse

Hew Surface Hame
|1:n:uint—2 |

|Create | |Ha.nage. .. | |Cl|:|5e | |]'[elp |

24/45
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You can also create Plane by defining three points
In the surface.

Plane Surface
Options Sample Density Surfaces OP-UNSRNO7 [3d, dp, pbns, lam, transient]
E.ﬁdigned with Surface Edge 1 [[4 - :;wutactr_gated_materialj ve Adapt Surface Display Report Paralle
Aligned with View Plane - —
wall
[ ]Paint and Mormal Edge 2 |7 — ;_‘3 @ | 5 e Zone... 1~
[[]1Bounded - = Partition...
Sample Points “ell Zone C
[ 1Plane Tool Select Points Point...
fone .
Reset Points
Plane...
Points Maormal
Cluadric...
w0 {m) w1 {m) w2 (m) i (]
0 0.001 0.005 1 Iso-Surface...
y0 (m) y1 {m) y2 (m) < Iso-Clip...
0 0.001 0.005 0 Transform...
#0 (m) 71 (m) 2 (m) iz (m]
Manage...
i) i) i) 0
ew Surface Name

Fi

O

H-

Crea

Manage. .. Closze Help 25/45
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Surface Monitor P
MName eport Type
surf-mon-3 Area-Weighted Average L
Options ield Variahble
Temperature. .. W
Print to Console
Plot Static Temperature el
Window Surfaces =Bl =
4 = [ i
< | Curves...  Axes... nt_created_material_3
« | Wirite
_ wall
File Mame b0
E: fluent-case fheat-transfer-2fsurf-mon-3
X Axis
Flow Time e
et Data Every
1 % Iteration e
-
Average Over [ Highlight Surfaces
| 1 | : Mew Surface -

Next, you can create the monitors in the “Monitors”
dialog. Select the “Report type”, the variable you want to

monitor, and the position you want to monitor.
26/45
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ball-1 Fluent@DESKTOP-UNIRNO7 [3d, dp, pbns, lam, transient]
File Mesh Define Solve Adapt Surface Display Report Par

E-Hd-@e| |59 aE A @8O

Meshing Monitors

Mesh Generation Residuals, Statistic and Force Maonitors
Solution Setup Residuals - Print, Plot

General Statistic - Off

Models

Materials

Phases

Cell Zone Conditions

Boundary Conditions Create = | |Edit... | | Delete

Mesh Interfaces
Dynamic Mesh
Reference Values

Surface Monitors

Solution

Solution Methods
Solution Controls

Similarly, you can create a monitor to monitor the
average temperature on the surface “z-0”.
In the “Surface Monitors”, you can see two monitors

created. >7/45
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Step 8: Initialization

ball-1 Fluent@DESKTOP-UNSRNO7 [3d, dp, pbns, lam, t
File Mesh Define Solve Adapt Surface Display R

CFD-NHT-EHT
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The “Standard Initia-

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Monitors

Soluton Imbalization

Calculation Activities

Run Calculation
Results

Graphics and Animations
Dlate

| - H-E@0| S+t /s

Solution Initialization

Initialization Methods

(O Hybrid Initialization
(® Standard Initialization

Compute from

Reference Frame

(®) Relative to Cell Zone
() Absolute

Initial Values

22 Jization” use the initial value

of one curve so the
Initialization Is quick, but
the speed of convergence Is
slow.

The  “Hybrid Initia-

Gauge Pressure (pascal)

0

lization” IS opposite, It

X Velocity (m/s)

0

Initializes slow but the speed

Y Velocity (m/s)

0

of convergence Is fast.

| Temperature (k)

Select “Standard Initialization” and “Compute from” “all zones”.

28/45
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Patching (f&%}) Values in Selected Cells

After you have Initialized the entire domain, you may

want to define a different value for a sub-region in the
domain.

For multiphase flow, you may also want to define the
volume of fraction for a phase in a particular sub-region.

This can be achieved by using the Patch function!

In Example 2, the Patch function Is adopted to define
the temperature of the entire domain as 723K.

29/45
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ball-1 Fluent@DESKTOP-UN9RNO7 [3d, dp, pbns, lam, tr
Fle Mesh Define Solve Adapt Surface Display Re
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I Patch

B EZ-Hd-=@©

Seaa s

@ ", [l Reference Frame

Meshing
Mesh Generation
Solution Setup
General
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution

Solution Methods
Solution Controls
Monitors

Calculation Activities
Run Calculation

Results

Graphics and Animations
Plots
Reports

Solution Initialization

: | Relative to Cell Zone
| Absolute

Initialization Methods
(O Hybrid Initialization
(® Standard Initialization

Compute from

Value (k)

723

b
Zones toPatch =/ [E][=]

|

Reference Frame

(®) Relative to Cell Zone
() Absolute

Initial Values

[ ]Use Field Function
Field Functian

Gauge Pressure (pascal)

|o

X Velocity (m/s)

Registers to Patch |2/ (S =]

0

Y Velocity {m/s)

Close

|o

=

Z Velocity {m/s)

1: Contours of Static Temper v

|o

Temperature (k)

300

™

7.23e402
7.23e402
7.23e402
7.23e402
7.23e402
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Ost step: set animations
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Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution
Solution Methods
Solution Controls

Monitors
Solution Initizlization

Run Calculation
Results

Calculation Activities

Autosave Every (Time Steps)

3 - )
| = | Edit...
Automatic Export
Create = (| Edit... Delete
Execute Commands
Create/Edit. ..
odify Case

Graphics and Animations | ] Automatically Initizlize and M

Plots
Reports

Initialization: Initialize with Yalu
Original Settings, Duration = 1

<

es from the Case

Edit...

Solution Animations

—
| Create /Edit. .. I

CFD-NHT-EHT
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We can set animations to
monitor the development of
temperature in surface: z-0.

I

In the “Calculation Activities’
dialog, click “Change/Create’

in “Solution Animations”.

31/45
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Animation Sequences " | -

Active Mame Every When
sequence-1 || 1 : Time Step m
sequence-2 1 : Iteration
sequence-3 1 : Iteration
sequence-4 1 : Iteration
sequence-5 1 : Iteration

QK Cancel Help

Define...

Define...

Define...

Define...

Define...

CFD-NHT-EHT
CENTER

Set the “Animation Sequences” as 1.
Select “Time Step” in “When”.

Click “Define” to set the animation.

32/45
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| Animation Sequence >
Sequence Parameters Display Type
Storage Type Name () Mesh

{:} In Memary sequence-1 @ Conbours
@ Metafile I ) PEEI|II'IE_IE
(C)PPM Image | |Window |4 2|l [gat (_) Particle Tracks

- l:::l Vectors

Storage Directory % XY Plot
| Monitor

Residuals

Create = | Edit...

Ok Cancel Help

Give the “Window” a number and click “Set”, we
create a window for animation to display.
Select “Contours” to display contours.

33/45
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- Contours X .6 99 -
ot N In “Contours” dialog, we
] |= Filled Temperature... L < ’
|| s S =l |choose Temperature”,
| | [+]Auto Range R
1| | Clip to Range [722.995 723.0003 select “Filled” and
| | []Draw Profiles i b
[ ] Draw Mesh ot = [E] [E
nt_created_material_3 ChOOSG the SU rface: Z'O.
1 Levels Setup aint-0
i
| sfocetome ottem__ few srface Click Display, the initial
| Ma
Surface Types = 8] 1= . . .
E f ~| | [temperature distribution
ip-sLr
e < | {will  display In the
Dipay || |Compute| | Gose | | e window we created.

34/45


/
/

CFD-NHT-EHT
CENTER

Step 9: Run the simulation

The set up of transient problem is a little complicated
compared with steady problem.

______ = General Bun Calculation

: Preview Mesh Motion...
- Materials

-5 Cell Zone Conditions
+-J& Boundary Conditions
¥ Dynamic Mesh

.4 Reference Values Number of Time Steps

i N > _=|time stepping method,

3" Solution Controls —

Monitors [ Extrapolate Variables

.8 solution Initialization | | [ Data Sampling for Time Statistics Set th o tl me Ste p S i /e , an d

-5 Calculation Activities

ime Step Size (z)

You need to select the

4 run Calculation |1 -
v o - -
mpling Options. ..
=@ Results o =

B oer = | |the max Iiteration per

+-EL] Animations

@7 Plots

-gj> Reports

-8 Parameters & Customi:

Reporting Interval

1 = | time step.

Data File Quantities. .. Acoustic Signals...

Caloulate 3 5/ 45
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Time stepping method

Hun Calculation

Check Case...

Time Stepping Method
Fixed o

settngs...

Time step size

Time Step Size (s)

0.1

Mumber of Time Steps

‘1nnnn

Iteration per time step

Max Iterations/Time Step
20

allle.

w

Reporting Interval

‘1

CFD-NHT-EHT
CENTER
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ITER=1 A, snes does not change
NT=1
/‘

Two line iterations
In x direction

|
|
|
|
|
|
| ITER= :-< NT=i — — o ;Ir']wocllwgcltti%%atlons
T | ITER+1 | y
E ' Two block corrections
R ' =NTIMES(NF)  inx,y direction
A I
|
T |
|  |Numberof
O |TIME=TLAST) specified iteration
N ¥ITER=LAST ' [cycles
b » ’ . s
Outer lteration Inner lteration
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Max Iterations/Time Step.

Set the max Iterations in each time step to make sure
convergence criteria Is satisfied. It is the same as the
Inner Iiteration in our teaching code. Here it is set as 10.

Time step size

Fully implicit scheme Is adopt in Fluent. Therefore, the
value of At will not affect the stability. However, it will
affect the accuracy.

apép — aE¢E T aw¢w T a5¢5 T aw‘ﬁsN +b
a,=a,+a, +a,+a,+a,—S,AV

. 0 40 0 _ ppAV
b=S AV +ayp, =71 38/45
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Sufficient condition for iteration convergence of
Jakob and Gauss-Seidel iteration.

1. Sufficient condition —Scarborough criterion

Coefficient matrix is non-reducible (AH] %)), and is
diagonal predominant( 4 G 4L) :

< 1 for all equations (a)

‘ap‘ < ] atleast for one equations (b)

a,=a,+a, +a, +a,+a,—S,AV

0 40 0 _ pPAV
bZSCAV-I—aPQf’P dp = At 30/45



/
/

CFD-NHT-EHT
CENTER

However, At will affect the accuracy of the simulation
results.

The following way Is recommended by Fluent to set
At:

1. At each time step, the ideal iteration number is 5-
10.

2. If Fluent needs more inner iteration step (>10) for
convergence at each time step, At is too large.

3. If Fluent needs only a few iteration steps, At is too

small.
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7:"‘135 o
X 0
AL AV
X A
>1E- 9
1

Qo 5 10 5 20 25 30 35 40
lterations

Here, the convergence criteria i1s 1le-9, Fluent needs
more than 10 step to achieve the criteria. Thus, At is too
large here.

Usually, At should be small at beginning and then can be
Increased after 5-10 time steps.
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Time stepping method

Here for Example 2, you can simply set the time
stepping method as fixed, indicating the time step size is

not changed during the iteration.

For some problem, it is reasonable to chose Adaptive

method In which At Is dynamically changed. For

example, in multiphase flow simulation using VOF, you
can use this function to update the phase interface more

efficiently.
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Run the simulation

2ball Fluent@ginlong-PC [3d, pbns, lam, transient]

@ Setting Up Donain

| & setting up Physics | User Defined | G Selving || @ Postprocessing | Viewing | Parallel | Desien | @

Mesh Zones Interfaces Mesh Models Adapt Surface
() Display. , ] ] Seale Combine _ Telsts Append Mesh B Dymamic Mesh Mark/Adapt Cells o Create |
Info . Cheok Oy AT Enre | Separate Deactivate. Replace Mesh. Overset Wixing Planes (] Manage Registers [0l Manage
Tnits. .. Repair Improve. . Make Polyhedra Adjacency. Activate Replace Zone. Turbo Topology. More
Tree Task Page % [ scaled Residuals report plotDd
= - &5
B Species (Off)  A|| gun Caleulation
> BB N te Ph
o e T Check Cese T ——
olidification &
s ustics (OFF) Time Stepping Method Time Step Size {s)
Fixed -
B9 Bulerian Wall Fil: [Fixe | [ox |[F]
FS Electric Potentiar Funber of Time Steps
v & Materials 1000 =]
> & Fluid Options
> & Solid [] Extrapolate Yariables @
v @ Cell Zone Conditions [ Data Sampling for Time Statisties
B createdpateric Sanpling Interval 28 rer
~ J% Boundary Conditions || ! : 7,
P% int created mat- Time Sanpled (=) |0
J% wall (wally P

Bl Dynamic Mesh
@ Reference Values
~ @ Solution
25 Methods
+° Controls
Repart Definitions

delta-time
flow-time

iters—per—timest=

report-def-0
report-def-1

Monitors

Residual
Statistic
Report Files
Report Plots

Convergence

Cell Registers
Initialization
Calculation Activities
Al Autosave (Brers

Execute Comm

Cell Register O

[]sclid Time Step
Calculate X

Caleulating the solution.

‘ Stop at end of the iteration ‘ [Stop at end of the time step |

heoustic Seurces FFT

0z 40 60

20 100 120 140 180 180
Iterations

0.0006, 0000000 0003.000F 000E.000F 0006 0000

flow-time ()
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e [E., =3

Console
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The average temperature on “point-0” change by

time 1s as below:

‘B70.0000 —

6600000 —

650.0000 T T T T T T T T T T T T 1
0.0000 5.0000 10,0000 15.0000 20,0000 25,0000 30,0000

flow-time (s)
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2: Operating the Fluent software to simulate the
example and post-process the results. (ETTERL)

Steel: density: 7753 kg/m3; Cp: 480J/(kg.K)
Thermal conductivity: 33W/(m.K)
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