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Numerical Heat Transfer

Chapter 13 Application examples of fluent for
flow and heat transfer problem
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13.1 Heat transfer with source term

13.2 Unsteady cooling process of a steel ball

13.3 Lid-driven flow and heat transfer (Homework of Chapter 1)
13.4 Flow and heat transfer in a micro-channel (s-19)
13.5 Flow and heat transfer in chip cooling (-19)

13.6 Flow and heat transfer in porous media

13.7 Flow and heat transfer in air film cooling
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Review

Read and check the mesh: mesh quality.

Scale domain: make sure the domain size is right.

Choose model: write down the right governing equation is
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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Remark: Difference between the terminology in our

NHT (Practice B) and Fluent software about the mesh
Information.

Our NHT : Fluent
® Node/cell ' Cell center
center :
- : X : Node
f !
cel Interface - Interior face

simple 2D grid I

Interface in Fluent is particularly used for the face
between different materials. 6/112
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Gradient
Gradient calculation, |Least Squares Cell Based 4"]

Green-Gauss Cell Based V¢
There are three schemes. GTM

1. Green-Gauss Cell-Based (#44k- B HrTF ST E:)
2. Green-Gauss Node-Based (#&#k- B #r T35 Si3k)
3. Least-Squares Cell Based FZ:F ok BB/ — Fek

It Is the default scheme for gradient calculation.

Green-Gauss Theory:
The averaged gradient over a control domain Is:

1
<V¢ >z\/—jV¢dV

C V¢ 7/112
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The problem of calculating gradient is transferred into

the following equation:
How to determine ¢ ;oat the face?

Least-Squares Cell Based ZF B M E /D — Fe ik

It Is the default scheme for gradient calculation.

(

§=Z<wi(¢gi—¢@0 8fAX+85 g—fAzi j >

. J
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Pressure calculation: to calculate the pressure value at

the interface using centroid value.

1. Linear scheme

2. Standard scheme

3. Second Order

4. Body Force Weighted scheme

5. PRESTO

The difference between Hybrid initialization GE&#J1k

k) and Standard initialization.
9/112
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Nuclear fuel zone
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Aluminum plate

/
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h=3500, T=150

CFD-NHT-EHT
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omnT

—Smm | 15000000W/m?

Adiabatic

Fig.1 Computational domain
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13.2 Unsteady cooling process of a steel ball

e EIPR 2P 1RE

Focus: compared with previous example, the focus
of this example Is about “unsteady problem”.
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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=5cm, density is 7735kg/m?3, heat 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 .
12/112
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3rd kind of boundary
condition.

h=24, T=303

Fig.1 Computational domain
13/112
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Find: temperature evolution in the steel ball.

Solution:

o(pC.T
G - ):div(FTgradT)

It Is a 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 iIs adopted In our general teaching code
as well in Fluent.

14/112
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Start the Fluent software

1\ SEIeCt 3D dimenSion aS it iS B Fluent Launcher _

a 3D problem. ANSYS Fluer
Dimension Options
()20 D ouble Precision
2~ If “display mesh after Dtm D””"”
reading” is selected, after the E:gf;g*;;:gz;mgl —g-gﬂﬁfl—
Fluent is launched, the mesh i Wi ClorSctene

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 between different components are high, it is
recommended to use Double precision version. 15/11p
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Step 1: Read and check the mesh

m The mesh is generated by pre-processing software such as ICEM and
GAMBIT. The document is with suffix (Jg&4) “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 3 -0~

Write 3 E

Import 5 Data...

Export 3 Case & Data...

Export to CFD-Post... PDF... IE
SAT Table...

Solution Files...

N N DTRM Rays...
nterpolate... :

FSI Mapping y \iew Factors...
Save Picture... Profile...

Data File Quantities... Scheme...
Batch Options... Journal...

Exit wall

oo

Solution Initislization

Calculation Activities [ Gravity Units. ..
Run Calculation

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.

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

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

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

Face area statistics:

WARNING: invalid or face with too small area exists.
minimum face area (m2): 0.000000e+00

maximum face area (m2): 5.081937e-03

WARNING: Mesh check failed.

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

General->Scale
In Example 2, the mesh was created in ICEM in the
length unit of “mm”. The diameter of the steel ball is

50mm.

Scale Mesh

Domain Extents

. | Xmin (m}_54.99196

Xmax (m) |[54,97915

Scaling

@ Convert Units
() Specify Scaling Factors

Ymin (m}{[ 55

Ymax (m) (35

Mesh Was Created In

mm

| Zmin (mA >4 98061

Zmax (m) (74,96219

View Length Unit In
m

Close Help

<Select>
m

v|

Scale Mesh

Domain Extents

Xmin {m) |4:|.qu99 196 Xmax {m) |D.que?915

Ymin {ITI} 0,025 Ymax {ITI} 0,025

Zmin {m) |[_n, 02458061 Zmax {m) [0, 02496219

cm

in
(ft

Z ‘lj,x:nj 1

- > Length Unit In
S

Close Help
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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
Monitors

Solution Initialization
Calculation Activities

Buin Calmilatinn

General
Mesh

Scale,..

Display...

Solver

Type
Pressure-Based
() Density-Based

Time

() Steady
I:EI Transient

|:| Gravity

Ched:

Velodty Formulation
(®) Absolute

() Relative

CFD-NHT-EHT
CENTER

Report Quality

Units...

Choose “transient” for a unsteady problem!
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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

e X The energy equation is
Solution Controls Energy |
Morito

Sclnjlzzjmr'lsIniﬁalizaﬁun |-Energy ErEiT I

Calculation Activities aCt i Vate d .

Run Calculation QK cancel Help
Results

Graphics and Animations
Plots Help
Reports

20/112
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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

21/112
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The properties of steel are manually inputted.
Density is 7735kg/m?, heat capacity is 480 J/(kg K),
conductivity i1s 33W/(m K)

Create/Edit Materials >
M Order Materials b
Material Type raer Yarenals oy
el solid | | @Name
s ; | () Chemical Formula
C ical F
SmiEs Torme Fluent Solid Materials
Fluent Database...
steel
User-Defined Database...
none
Properties
- -~
Density (ka/m3) constant | Edit..
F753
Cp (Spedific Heat) (j/kg4) |cnns13nt «| Edit..
430
Thermal Conductivity {w/m-) constant | Edit
35
W
Change /Create Delete Close Help

22/112
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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 . _

souton seup In this step, we define
Vol o
terils the cell zone conditions.
el Zone Conditions)

poundary Conditons . the cell zone 1s a ball

Dynamic Mesh
Reference Yalues

Soutor made of steel, so you

Solution Methods
Solution Controls

Varior 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...

23/112
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Solid bt

iiu:reated_materialj

Material Name steel

v | | 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) "D— constant w Xllo || constant e
¥ (m) ||I]I constant w Yo constant e
~ Z (m) ||I]I constant w 2|1 constant e
f

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

24/112
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Step 6: Define the boundary condition

": Fluent@DESKTOP-UNIRMNOY [3d, dp, pbns, lam, transient]

File Mesh Define Solve Adapt Surface Display Report Parallel

E-d-@8@| S+aq s QAMR-0O-

Meshing Boundary Conditions .
Mesh Generation Zone N OW’ yO u n eed to d efl n e
Solution Setup int_created material 3
General

odes the “Boundary conditions”

Materials
Phases
Cell Zone Conditions

Firstly, Ensure the “type”

Mesh Interfaces
Dynamic Mesh

Reference Values is “Wall,9.

Solution
Solution Methads

Soluton Contrals Then click the “edit” to

Solution Initialization

Calculation Activities -
Fun Calculation |T1ﬂ:IE |ID ed It the BC.
R

Resylts mixture wall 7
Graphics and Animations
Plats Edit... Copy... ||Profiles...
Reports

Parameters... | | Operating Conditions...

Display Mesh... |  Periodic Conditions. ..
[ ]Highlight Zone

25/112
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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 303K for the “Free

Stream Temperature”.
26/112
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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 -
- . ¥ ressure
;3 h H Bl -1 @ S +I+ @ (ﬂ J L ﬂg h I:‘ h 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

Phases . 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 Lantrais Second Order Upwind v Run Calculation Default

onitors
Solution Initializati Results : —
olution Inimalizatan ] o Equations... | | Limits... | | Advanced...

Calculation Activities Graphics and Animations

Run Calculation Transient Formulation Plots
Results First Order Implicit v Reports Help

Graphics and Animations
Plots
Reports

|:| Mon-Tterative Time Advancement
[ ]Frozen Flux Formulation

[IHigh Order Term Relaxation | gptign. .. T h e d efau I t al g O r i th m ’

Default

schemes and under-relaxation
factors are used. 27/112
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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 a
point, a line or a surface
to monitor related
variables.

28/112


/
/

4.\ CFD-NHT-EHT
. ¥ :3*' )”ifﬁ,){ CENTER

OP-UN9RNO7 [3d, dp, pbns, lam, transient]

- Solve Adapt Surface Display Report Parallel
Here, you can create a point| =52 ==
- - i Partition... ——
(14 29 1
by clicking “surface” and| wonitrs — i
“ . v “ . ’ f‘Residuals, Stat i
choose “point”, the “point T
- - - Quadric...
dialog will display.
Iso-Surface...
iCreaiaev Er Iso-Clip...
Point Surface X | Surface Monito TS EOFTL |
Options —Coordinates
Manage...
[ ]Paint Tool x0 (m) |5
Reset ¥0 (m) ; $ :
20 (m) fig :Creabe,.._ Edit... Delete
| Volume Monitors
Select Point with Mouse —— ‘

Mew Surface Mame

Ipnint—D

A

{ [ create || |Mirmge e AT /

r—

29/112
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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. .. Close Help 30/112
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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.
31/112
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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. 29/119
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Step 8: Initialization

ball-1 Fluent@DESKTOP-UN9RNO7 [3d, dp, pbns, lam, transient]
Fle Mesh Define Solve Adapt Surface Display Report Paralle

B s-H-a@e|Sraa s/ ANE-O -

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

Initialization Methods

(O Hybrid Initialization

(® Standard Initialization

Compute from

Reference Frame

| (@ Relative to Cell Zone
(O Absolute

Initial Values

Gauge Pressure (pascal)

0

X Velodty (m/s)

0

Y Velodty (m/s)

0

Z Velocity (m/s)

0

Temperature (k)

For the details of
Hybrid Initialization
and standard
Initialization, you can
refer to Example 1.

Here, the Standard
Initialization 1s adopted.

33/112
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Patching (4&%}) 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.

34/112
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Domain

Sub-region need to Patch

1. Define the sub-region

2. Use Patch to specify
related variables.

35/112
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File
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B ball-1 Fluent@DESKTOP-UNSRNO7 [3d, dp, pbns, lam, tr Patch
Mesh Define Solve Adapt Surface Display Re

CFD-NHT-EHT
CENTER

>

Bz -d -S4 aa 2| @ K | Reference Frame Value (k) Zones to Patch = (S| =]
T T *) Relative to Cell Zone 723
i uti itialization :
Heshing A | Absolute
Mesh Generation Initislization Methods D Use Ficld Funct
i 5 - . ce ncaon
Solution Setup O Hybrid Imhéiizator.\ Variable : !
General (® standard Initialization — Field Funcicn
Models Temperature
Materials ICompute from
Phases
Cell Zone Conditions RS Registers to Patch El El
£ ence Frame
Boundary Conditions
Mesh Interfaces (® Relative to Cell Zone
Dynamic Mesh (O Absolute
Reference Values v
Solution
Solution Methods Gauge Pressure (pascal)
Solution Controls |0
Monitors
X Velodity (m/s)
Calculation Activities 0
Run Calculation
Results Y Velocity {m/s)
Graphics and Aimatons | | [° 1: Contours of Static Temper +
Plots Z
Reports TOVeloaty (m/s)
Temperature (k)
300
e || Reset |
'ResetDPM Sources  Reset Statistics |
@ 7 23e402

7.23e402
7.23e402

36/112
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Ost step: set animations

S MmO STA s QA0 -

Meshing Calculation Activities
Mesh Generation Autosave Every (Time Steps)
Solution Setup 3 o )
| = | Edit...
General
Models Automatic Export

We can set animations to

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces

monitor the development of

Reference Values Create = || Edit... Delete

Solution Execute Commands

temperature in surface: z-0.

Run Calculation
Results Create/Edit. ..

Graphics and Animations | [] Automatically Initialize and Modify Case
Plots

== In the “Calculation Activities’

F

< , | dialog, click “Change/Create’]

Edit...

in “Solution Animations”.

| CreatefEdt... | 37/112
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Animation Sequences | | -
-

Active Mame Every When
sequence-1 1 : Time Step +{ ||| Define...
sequence-2 1 : Iteration Define...
sequence-3 1 : Iteration Define. ..
sequence-4 1 : Iteration Define...
sequence-5 1 : Iteration Define. ..

Ok Cancel Help

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

Click “Define” to set the animation. 38/11
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| B Animation Sequence o

sequence Parameters Display Type
Storage Type Mame (I Mesh
() In Memory sequence-1 ':2_:' Contours
@ Metafile = L _JFathlines
() PPM Image | |Window |_4 all[gat () Particle Tracks
- I:::l Vectors
Storage Directory ()XY Plot
| I:::I Monitor
Residuals

Create - Edit...

QK Cancel Help

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

Select “Contours” to display contours. 39/112
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- Contours X .6 99 -
ot N In “Contours” dialog, we
] |= Filled Temperature... L < ’
|| s S =l |choose Temperature”,
| | [#] auto Range o
1| || Clip to Range | 722.9996 723.0003 se | ect “Filled” an d
| | []Draw Profiles L )
[ ]Draw Mesh Surfaces = [E][=
nt_created_materia_3 choose the surface: z-0.
1 Levels Setup aint-0
2 151 B
| sfocetome ottem__ few srface Click Display, the initial
] Ma
Surface Types = 8] 1= . . -
E f ~| | [temperature distribution
ip-sur
et v will display In the
Dy || |Comie| | Oose | | Help window we created.
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Step 9: Run the simulation

The iInterface 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

7 ..%Dlélotliuotli]on Methods | - - t I me Ste p p I n g m et h 0 d !

Options

ime Step Size (z)

You need to select the

-4 Solution Controls
-[E] 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

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

B oer = | |the max iteration per

+-EL] Animations

@7 Plots

-gj> Reports

-8 Parameters & Customi:

Reporting Interval

1 = | time step.

Data File Quantities. .. Acoustic Signals...

Caloulate 41/112
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Time stepping method

CENTER

Time step size

CFD-NHT-EHT

Hun Calculation

Time Step Size (s)

Check Case... 0.1
Time Stepping Method
. Mumber of Time Steps
Fixed o
‘mnnn .
settngs... bl
Iteration per time step
Max Iterations/Time Step Reporting Interval
20 - ‘1 -
w w

421432
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ITER=1 A, snes does not change
NT=1
/‘

Two line iterations
In x direction

|
|
: |
: !
: !
|
I ITER= :-< NT=i — — o %Wocllli?gcltti%%atlons
T | ITER+L | y
E ' Two block corrections
= : : "~ NTIMES(NF) in X,y direction
Al i
~ |
T |
| : Num_b_erc_)f _
O |TIME=TLAST, specified iteration
N ¥ITER=LAST ! |cycles
\ v , L 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 iteration 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 44/112
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7.3.1 Sufficient condition for iteration
convergence of Jakob and G-S iteration

1. Sufficient condition —Scarborough criterion

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

< 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 45/112
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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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5 20 25 30 35 40

Qo 5 10
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
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Calculation Activities

ardl Run Calculation

£ Results

Graphics

& Parameters & Customi:

Sampling Inkerval
1 -

~ | | Sampling Options...

Time Sampled (s} [g

AMNEYS Fluent Release 16.0 (3d, pbns, lam, fransient)

ball Fluent@DESKTOP-UNSRNO7 [3d, pbns, lam, transient] — O *
File Mesh Define Solve Adapt Surface Display Report Parallel View Help
N E-Hd-meSeaa s annm-o-)a- I fia-\
=- a éetélgneml T - 4: Contours of Static Temper -
..Ag
-8 Model_s Preview Mesh Motion...
- Materials
- Cell Zone Conditions | Time Stepping Method Time Step Size (s)
#-J& Boundary Conditions | |Fixed |o 1
Dynamic Mesh :
&P Reference Values 2T Number of Time Steps :
@ Solution Methods 1e08 e
2" Solution Controls Optians ° 1 = Herations = ™ = géggzag L
£ Monitors [CJExtrapolate Variables
n Selution Initialization [C]Data Sampling for Time Statistics . . .
Scaled Residuals (Time=4.0000e-01}) Dec 18, 2017 | Contours of Static Temperature (k) (Time=3.0000e-01) Dec 18, 2017

AMSYS Fluent Release 16.0 (3d, pbns, lam, transient)

Max Iteration:
20

ime 5

P’gg ing Interval
Working
@ Calculating the solution. .. [

3: Convergence history of S5t ~

"398 720.0000
712.0000
716.0000

714.0000
0.0000 20000 4.0000 G.DDDDFIS.DDTD_D 10.000012,000014.000015.0000
ol Time

Convergence history of Static Termperature on wall (Time=1.0000e-01) Dec 18,2017
AMSYS Fluent Release 16.0 (3d, pbns, lam, fransient)

2: Convergence history of 5t ~

1388 72000000
718.0000
716.0000

714.0000
00000 2.0000 4.0000 E.DDDDFIS.DDTDU 10.000012.0000 14,0000 15.0000
o Time

Convergence history of Static Temperature on point0 (Tirme=1.0000e-01) Dec 18, 2017
AMSEYS Fluent Release 16.0 {3d, pbns, lam, transient)

Flow time = 0.3000006119209295, time step =
9997 more time steps
Updating solution at time level H... done.
iter continuity =-velocity y-velocity z-velocity energy
G0 0.0000e+0A ©.0000e+00 0.0000e+BD O_0006e+080 3.5353e-08
61 ©O.0000e+08 0©.0000e+008 0.00008e+00 O.0000e+80 3.5126e-06
62 ©O.0006e+08 ©.0000e+00 O.0000e+00 O.0000e+80 3.8373e-07
63 0.0000e+080 0.0000e+00 0.0000e+00 0.0000e+00 ©9.7828e-08
64 O.0000e+08 ©.0000e+00 O.0000e+00 O.0000e+80 4. 6966e-08
65 0.0000e+0A ©.0000e+00 0.0000e+BD O_0006e+080 3.7259e-08
66 ©O.00080e+08 0O.0000e+00 0.00008e+00 O.0000e+80 3J.5583e-08
67 O.0008e+08 ©.0000e+00 O.0000e+00 O.0000e+88 3.5166e-08
68 0.0000e+080 0.0000e+00 0.0000e+00 0.0000e+00 3.5153e-08
69 O.0008e+08 ©.0000e+00 O.0000e+00 O.0000e+80 3.5010e-88
70 0O.0000e+88 ©O.00006e+08 O0.0000e+0B8 O.0000e+88 3.5220e-08
iter continuity =-velocity y-velocity z-velocity energy
71 0.0008e+08 ©.0000e+80 0.0000e+00 O.0000e+88 3.5140e-08

~
surf-mon-1  surf-mon-2 time/iter
7.2300e+82 7F_.2241e+02 0:00:D04 28
7.2300e+82 7.2232e+02 0:80:83 19
7.2300e+82 7F.2232e+02 ©:00:82 18
7.2300e+82 7F.2232e+02 B:00:82 17
7.2300e+82 7F.2232e+02 0:00:84 16
7.2300e+92 F_2232e+02 P:00:83 15
7.2300e+82 7.2232e+02 0:80:82 14
7.2300e+82 7F.2232e+02 ©:00:02 13
7.2300e+82 7F_.2232e+02 0:00:01 12
7.2300e+82 F.2232e+02 0:00:81 1
7.2308e+82 7_.2232e+02 B:00:83 18
surf-mon-1 surf-mon-2 time/fiter
7.2300e+82 7F.2232e+02 ©:00:02 9
v
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The average temperature on “point-0” change by

time 1s as below:

500.0000
0.0000 100.0000 2000000 300.0000 4000000 5000000 600.0000 700.0000 28000000  900.0000
Flow Time
‘ergence history of Static Temperature on paint-0 (Time=1.0000e-01) Dec 18,2017

ANSYS Fluent Release 16.0 (3d, phns, lam, transient)
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2: Operating the Fluent software to simulate the
example and post-process the results. ( IZTTEREF )

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

Chapter 13 Application examples of fluent for
flow and heat transfer problem

l
H
\
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Instructor Tao, Wen-Quan; Chen, LI

CFD-NHT-EHT Center
Key Laboratory of Thermo-Fluid Science & Engineering

Xi’an Jiaotong University

Xi’an, 2017-Dec.-25 52/112
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1 3117001033 FEE 4 5 " " " N
2 3117004015 ERE " " " J J J
3 3117007047 =TS . N . - . "

4 3117009028 E " N . " J J
5 3117009037 EfE . . N "
g 3117009038 = - " . . J J
7 3117009053 EE . . . " . .

g 3117008061 BT . - " " . .
g 3117011004 E::] . . - " " N
10 3117013020 HiEE . N . N
11 3117016014 = 5 5 " N N o
12 3117016020 et . . . N . -

13 3117016040 ARt ES . N . . . "
15 3117017017 E3E y

15 3117022005 Ehtsith N . - . " .
17 3117307015 =5 N . - . "
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3117307033 ==tatas N . . . \ N
3117307088 OEE " . " z N "
3117307100 ikt N \ . " \

3117307112 =i " \ z N y J
3117323003 et N \ " \ z N
3117323021 ZF] " . \ " .
3417009005 EFik N \ . . \ N
4117003145 f=Ft ¥ \ \ \ \
4117003151 FiTRE N " \ \ N J
3117307039 THt N \ . \ \ z
3117307006 s N " \ " \ z
3417009008 = N . .

4117016014 & \ \ \ \
4117999084 KHUBAIB SYED MUHAMMAD \ | y | y \
4117003147 T BEET y A A y \ \
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13.1 Heat transfer with source term

13.2 Unsteady cooling process of a steel ball

13.3 Lid-driven flow and heat transfer (Homework of Chapter 1)
13.4 Flow and heat transfer in a micro-channel (s-19)
13.5 Flow and heat transfer in chip cooling (-19)

13.6 Flow and heat transfer in porous media

13.7 Flow and heat transfer in air film cooling
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13.1 H NI B

13.2 JEfEASEBRA A RS

13.3 WimBahHaIHMEE  BA RS
13.4 58E P i sh B R

13.5 B h & A shHn

13.6 A RTAHBBEE BN RKESD
13.7 SIRAHWMApBMBEAATE Wi

TR A

UE I ]
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13.3 Lid-driven flow and heat transfer (Homework of Chapter 1)

0 5t B 5y 4 B 45 R ]

Focus: compared with previous examples, the focus
of this example iIs that fluid flow is further
considered and moving wall boundary condition is

adopted.
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13.3 Lid-driven flow (homework of chapter 1)

Known:

An long solid plate with uniform temperature

T.,1 = 80°C is moving with velocity u=0.1m/s at

the top of a square cavity. The left and right walls of

the cavity are adiabatic ( #& # ), while the

temperature of bottom wall is fixed at T, = 100°C.

The effect of gravity iIs neglected.
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— > u=0.1m/s

T,,=80°C

Adiabatic(4a#)

Fig.1 Computational domain
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Find: velocity and temperature distribution

Solution:
Continuity:

Momentum:

Energy:

Ju OJv

ax Tay =0

ou ou 10p 0’u J%u
“a”@*;a”(w%—yz)
ov  0v 10p 0%v 0%v
“a”@*;@”(ﬁ%—yz)

d(pCuT) d(pC,vT) <82T 62T>
+ =
0x ay
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We should estimate Re to determine laminar or

turbulent state.
Know:
Unge = 0.1m/s ,|=0.1m, v = 22.1E — 6m?/s

ul
Re = — =452
Vv

Laminar flow

Remark: in this problem, we just take into account the
forced convection. Nature convection Is neglected. You

can further study the effects of nature convection! /
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Start the Fluent software

Choose 2-Dimension

B Fluent Launcher — 1 X
ANSYS Fluent Launcher
Dimg_r_@gjnn Options
@20 [ ] Double Precision
T a0
Proceszzing Options
Dizplay Ophions (® Serial
Dizplay Mesh After Reading I Farallel

Embed Graphics “Windows
wiorkbench Color Scheme

[ Show Maore Options

aF. Default Cancel Help -
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1st step: Read and check the mesh

> Reading "E:\fluent-case‘flow-5%\flow2.cas"...
" Done.
The meSh 1S 9881 quadrilateral cells, zone &, binary.
19484 2D interior faces, zone 9, binary.
generatEd by 99 2D wall faces, zone 18, binary.
. 99 2D wall faces, zone 11, binary.
pre_proceSS|ng 198 2D wall faces, zone 12, binary.
18888 nodes, binary.
Software SUCh as 18888 node flags, bilnary.
Building...
ICEM and mesh
materials,
GAMBIT. The interface,
domains,
- - mixture
document Is with Jones.
. Fixed-wall
suffix (E%g) bottom-wall
move-wall
“.mSh” int_solid
fluid
Done. 64/112
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1st step: Read and check the mesh

Mesh—Check/Report quality
s Check the quality and topological

Information of the mesh

Domain Extents:
#-coordinate: min (m)
y-coordinate: min (m)

ctatictics:

minimum volume (m3): 1.8208304e-86

mazimum volume (m3): 1. e—

total volume {m3): 1.0008080e-82

Face area statistics:
minimum face area (m2): 1.68181681e-83
maximum fFace area {(m2): 1.818181e-83
Checking mesh. ... oo uiimii i aaaa
Done.

A.000000e+88, max (m)
0.000000e+08, max (m)

1.88d0888e-01
1.0808080e-81

Mesh Quality:
L L i 000 om [ bere values close to 8 correspond to low quality.

Minimum Orvthogonal Quality = 1.000868e+064A

Maximum Aspect Ratio = 1.431422e+08
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2st step: Scale the domain size
General—Scale

Scale Mesh >
General Domai Scaling
Mesh
= Xmin ) (g Xmax (m) [, 1 {®) Convert Units
| scle.. | Check ] [F‘.epcrt Quality ] () specify Scaling Factors
Ymin gm) [ Ymax (m) [ 1 Mesh Was Created In
<Select= o
Solver ]
Type Velocity Formulation View Length Unit In
(@) Pressure-Based (@) Absolute m W
(") Density-Based 71 Relative 1
Time 2D Space 1
(@) Steady @ Planar
() Transient (71 Axisymmetric
() Axigymmetric Swirl Srale Unzcale
[T Gravity Units. ..
Close Help

The mesh Is generated in ICEM with unit of m. So we do
not need to scale the size for this problem.
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Step 3: Choose the physicochemical model
Based on the governing equations you are going to solve, select

the related model in Fluent. Viecous Model %

Model

_. Inviscid
Energy oy ®) Laminar
| () spalart-almaras {1 eqn)

() k-epsilon (2 egn)
EFIEFEI]I' () k-omega (2 egn)

() Transition k4d-omega (3 egn)
+'| Energy Equation 1| (O Transition S5T (4 eqn)
() Reynolds Stress (5 egn)

() Scale-Adaptive Simulation (SAS)

QK Cancel Help pptions
|:| Viscous Heating

[ ]Low-Pressure Boundary Slip

Ok Cancel Help

M =170
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Step 4: Define the materials

Meshing Materials
Mesh Generation Malerials
Solution Setup Fluid I

General
il (9]0

Materials]]

Fhases

Cell Zone Conditions
Boundary Conditions

Click “Fluid” or “Solid”

or select the “create/edit”

Solid

ICreatE;"Edit... | Delete

Order Materials by

(®) Mame

(") Chemical Formula

| Fluent Database. .. I

User-Defined Database...

CFD-NHT-EHT
CENTER

Fluent provide a lot of
materials In its database.
Usually, You can find the
material you need In the
database.

However, it will happen that
the material you need Is not
In the database. You can

Input it manually.
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5st step: Define the cell-zone condition

Cell Zone Conditions

fone

e Type

Auid o d

Fluid

Zone Mame

|inner

Material Name |air

- | [Edit...
Phase Yl;e/ [ | Frame Motion [ | Source Terms
mixfure ﬂUld B | [ |Mesh Motion [ | Fixed Values

|:| Porous Zone

[ Edit... I [ Copy... ][F‘rnﬁles

Reference Framel Mesh Motion | Porous Zone | Embedded LESI Reaction
| Parameters.., | Ope onditions. .. ]

This page is not applicable under current settings.
[Display Mesh... ] Pag el J
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6st step: Define the Boundary conditions

Boundary Conditions

Zaone

bottom-wall
fixed-wall

move-wall

Type

mixture |inbeﬂnr -
| Edit... | | Copy... ||Prnﬂe5”.
| Parameters... | |D|:rerating Conditions. ..
|mmdayMEﬂm..| Periodic Conditions...

The bottom wall Is not
moving and Its temperature
IS 80°C. The left and right
wall Is adiabatic.

All these boundary
conditions are easy to set In
Fluent.

The top wall Is moving. We

will discuss 1t in detail.
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“Moving wall” is used to include tangential ($]Jn])
motion of the wall. This function cannot be used to
include the normal (3%r]) motion of a wall.

B wall

Zone Mame

move-wall

Adjacent Cell Zone |
1 ||solid =

Momentum | Thermal | Raciation | Species| DPM | Multiphase| UDS | wall Fim

Mall Motion Motion
1 N O stationary wal Speed
I (®) Moving Wall (®) Relative to Adjacent Cell Zone eeilimic)
1 () Absolute ' P
(®) Translational ‘ aV I ‘t
() Rotational
D Components
Shear Condition
(®) Mo Slip
() spedified Shear

Specularity Coefficient
Marangoni Stress

Wall Roughness
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/st step: Define the solution

For algorithm and schemes, keep it as default. For more

details of this step, one can refer to Example 1 of Chapter
13.

Solution Methods

Algorithm: simple

|SIMPLE -

. Gradient: Least Square Cell Based
ILeast Squares Cell Based "J

—_— - Pressure: second order

ISemnd Crder Upwind vJ _
—— . Momentum: second order upwind

Energy: second order Upwind

Mon-Iterative Time Advancement
Frozen Flux Formulation
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/st step: Define the solution

For under-relaxation factor, keep it default. For more
details, refer to Example 1.

8st step: Initialization

Use the standard initialization, for more details of
Hybrid initialization, refer to Example 1.

Step 9: Run the simulation

Step 10: Post-processing results
73/112
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Velocity Vector

1: Velocity Vectors Colored B~

3.76e-02
3.28e-02
2.82e-02
2.35e-02
1.88e-02
1.41e-02
§.40e-03
4.70e-03
8.34e-07

Yelocity Vectors Colored By Velocity Magnitude {mis)
ARSY!
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Velocity magnitude

1: Contours of Velodty Magn -~

5.00e-02
4.50e-02
4.00e-02
3.50e-02
3.00e-02
2.50e-02
2.00e-02
1.50e-02
1.00e-02
5.00e-03
0.00e+00

Contours of Welocity Magnitude (rmis)
AMEYE Flue
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Temperature

1: Contours of Static Temper -~

3.64e+02
3.63e+02
3.62e+02
3.61e+02
3.60e+02
3.59e+02
3.58e+02
3.87e+02
3.56e+02
3.85e+02
3.54e+02
3.53e+02

Contours of Static Temperature (k)
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Numerical Heat Transfer

Chapter 13 Application examples of fluent for
flow and heat transfer problem
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Instructor Tao, Wen-Quan; Chen, LI

CFD-NHT-EHT Center
Key Laboratory of Thermo-Fluid Science & Engineering

Xi’an Jiaotong University
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13.1 Heat transfer with source term

13.2 Unsteady cooling process of a steel ball

13.3 Lid-driven flow and heat transfer (Homework of Chapter 1)
13.4 Flow and heat transfer in a micro-channel (s-19)
13.5 Flow and heat transfer in chip cooling (-19)

13.6 Flow and heat transfer in porous media

13.7 Flow and heat transfer in air film cooling
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13.1 H NI B

13.2 JEfEASEBRA A RS

13.3 WimBahHaIHMEE  BA RS
13.4 58E P i sh B R

13.5 B h & A shHn

13.6 A RTAHBBEE BN RKESD
13.7 SIRAHWMApBMBEAATE Wi

TR A

UE I ]
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13.4 Flow and heat transfer in a micro-channel (-19)

PYE IE N P R ]

Focus: compared with previous examples, the focus
of this example Is about pressure-out boundary
condition and ‘two-side-wall” boundary condition.
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13.1 single-phase fluid flow and heat transfer in micro

channel with rectangular ribs (MC-RR)

Known: Cold water at T,=20C flows into the inlet of
a micro channel with rectangular ribs (MC-RR) with
velocity u=0.1m/s. The side walls of MC-RR are heated
with a uniform heat flux g = 30W/cm?.

Assumption: (1) steady state, (2) laminar flow, (3)
iIncompressible fluid, (4) constant fluid properties, (5)
negligible radioactive and natural convective heat

transfer from the micro channel heat sink.
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Fig.1 Computational domain

Table .1 Geometrical parameters of MC-RR

Geometrical
Parameters Lrr Wr Lr L
Value/mm 0.5 0.7 0.1 0.3 3
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Find: temperature and velocity distribution In the
domain.

Governing equations:

Continuity equation: ou 4 ov _ 0

dx Ox

Momentum equations:

ou Ju 10p upf0°u 0%u
U—F V— = — + +——
0x 0y prOx  pp\O0x% 0y?

U TV = + +

ov  ov 1 dp ,uf<('32v azv)
0x 0y prdy  pr\0x?  0y?) ...,
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Energy equation:

a(Pprfufo)_I_a(Pprfvaf) Y (62Tf+02Tf>
f

0x dy d0x? = dy?
where T: IS the coolant’s temperature, ¢ IS fluid
specific heat and k; is fluid thermal conductivity.
Energy equation for the solid region:

02T, 92T,
0= ks 522 * 57

where T, Is solid temperature and K, Is solid thermal

conductivity 85/112
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Boundary condition:

CFD-NHT-EHT
CENTER

channel inlet x=0
U = Hf

For fluid T —T =293.15K

In

Channel Dutlet x=3mm

P,=P,,=lam
ﬂU.ld/SOhd surface
y:v:(}
(=, G0
1ot

where (n#) 1s the coordinate
normal to the wall

At side wall

—k( ) g =30W/cm?
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Start the Fluent software

E Fluent Launcher — ] >,

Fluent Launcher

Ophions
[ ] Double Precizion

Frocessng Dptions
(@5s

() Parallel
Embed Graphics Windows
workbench Color Scheme
aF. D efault Cancel Help -
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FHRAAE
Step 1: Read and check the mesh

= The mesh Is generated by pre-processing software
such as ICEM and GAMBIT. The document is with

suffix ()

CE D

CFD-NHT-EHT
CENTER

“xx.msh”

> Reading "C:\Users\lichennht\Desktop\ansys\i4fluent_

Done.

14348 quadrilateral cells, zone 15, binary. i
2124 quadrilateral cells, zone 16, binary.
28278 2D interior faces, zone 17, binary.

411 2D wall faces, zone 23, binary.
2D symmetry faces, zone 24, binary.
321 shadow face pairs, binary.

3987 2D interior faces, zone 18, bhinary. 17129 nodes, binary.

44 2D velocity-inlet faces, zone 19, binary. 17129 node flags, binary.
44 2D pressure-outlet faces, zone 28, binary.

177 2D wall faces, zone 21, binary.

321 2D wall faces, zone 22, binary.
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Step 1: Read and check the mesh
Mesh->Check

m Check the quality and topological information of the mesh

Mesh Check

Domain Extents:

®x—coordinate: min (m)
y-coordinate: min (m)

Z2.5000080e-84, max {(m)
B.8000008e+088, max {(m)

Uolume statistics:

minimum
maximum
total
Face area
minimum
maximum

volume {(m3): 92.997Y533e-13
volume {(m3): 5.455531e-18
volume {(m3): 1.50008080e-0856
statistics:

face area (m2): 92.997748e-087
face area (m2): 2.4959907e-085

Checking mesh. ... ... ... . ... ... ccaoaa.-.

Done.

3.25080808e-83
L .888888e-84
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Step 2: Scale the domain size

General->Scale

General

By Scale Mesh [
Diomain Extents Scaling
Chedk R it l _
= ” = Qualw] Xmin (m) (5 oooz2s Xmax (M) [q po32s (@ Convert Linits
(") Spedfy Scaling Factors
Solver Ymin (m) [q Ymax (M) (5 ooos Mesh Was Created In
Type Velodity Formulation mm i
(@) Pressure-Based @) Absolute . .
(7 Density-Based (71 Relative View Length Unit In
m i 0.001
Time 2D Space
@ Steady (@) Planar
() Transient ) Bdisymmetric (0 01
() Axisymmetric Swirl
Scale ] [ Unscale ]
Flaaty
[Clnse] [Help ]

The mesh is generated in Fluent using unit of mm. Fluent

Import it as unit of m. Thus, “Convert units” Is used.
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Step 3: Choose the physicochemical model
Based on the governing equations you are going to solve, select

the related model in Fluent.

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
Maonitors

Solution Initialization
Calculation Activities
Run Calculation

Results

Models

Models

Radiation - Off

Heat Exchanger - Off
Species - Off
Discrete Phase - Off

Solidification & Melting - Off
Arcoustics - Off

Edit...

Example 4 1s about
single-phase laminar
flow and heat transfer,
so Energy model should

be activated.
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Step 4: Define the material properties

Define the properties required for modeling! For pure
heat conduction problem studied here, p, Cp and A should

be defi ned . Materials
Materials
i . Py ]
Solution Setup->Materials naterdquc

Copper
aluminum

In Fluent, the default fluid is
alr and the default solid 1s Al.

Click the Create/Edit button
to add Water and Copper. =~

Delete
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Step 5: Define zone condition

Solution Setup->Cell Zone Condition

Choose water for Fluid zone Choose copper for Solid zone

& Fhid X & solid I

Zone Name Zone Mame

fluid ||5-:|Ii|:|

Material Name e fiouid | | Edit... Material Mam Copper vI Edit
DFrame Motion DSource Terms |:| Frame Motion || Euurce ?Erms
[ IMesh Motion [ ]Fixed Values [ JMesh Motion [ ] Fixed Values
DPnrous Zone

Reference Frame l Mesh Motion ] Source Terms ] Fixed Values ]
Reference Frame I Mesh Motion l Porous Zone | Embedded LES ] Reaction ] Source Terms | Fixed Values | Multiphase ]
Dirigir
Zone Mame censtant b
1 constant
fluid b

Material Mame

water-iquid

93/112


/
/

iy ) CFD-NHT-EHT
¥ :3*' ){@){% CENTER

Step 6: Define the boundary condition

Velocity Inlet ﬂ

fone Mame

Inlet

Velocit
y
Momentum | Thermal I Radiation I Spedes I DPM I Multiphaze I uDs I

Velodity Spedification Method lMagnimde and Direction "l
Reference Frame ’Absclute vl
Velodty Magnitude (m/s) [ 1 [mnsiﬁnt v]
Supersonic/Initial Gauge Pressure {pascal) [ |::ur1513r|t - |
¥-Component of Flow Direction [ [mngiﬁnt - l
Y-Component of Flow Direction [ [mngiﬁnt - l

[ K, ] [Cancel] [Help ]

Zone Marme

B Temperature

Momentum  Thermal |Radiaﬁun| Species | DPM | Mulphase | UDS |

Temperature (k) |293. 15 |::nr1513r1t i | 94/112
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Outlet: pressure outlet

Pressure Outlet et S

Zone Mame

|nut

Momentum |Therma|| F‘.adiaﬁnnl Sp-e::iesl DPM I Mulﬁphasel LIDS I

Gauge Pressure (pascal) |D |::ur1513r1t - |

Backflow Direction Spedification Method |Nnrmal to Boundary

|:| Average Pressure Spedfication
|| Target Mass Flow Rate

Gauge Pressure (FRH)
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Pressure in Fluent

Atmospheric pressure (KK H)

Gauge pressure (F8H): the difference between the true
pressure and the Atmospheric pressure.

Absolute pressure (E3ZH J7): the true pressure

= Atmospheric pressure + Gauge pressure

Operating pressure ($2fEH 1) : the reference
pressure (ZH KT )

In our teaching code, a reference pressure point is
defined. 96/112
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Pressure in Fluent

Absolute pressure (E3ZH J7): the true pressure

= Reference Pressure + Relative Pressure

Static pressure (§#H): the difference between true
pressure and operating pressure.
The same as relative pressure.

Dynamic pressure (g &): calculated by 0.5pU?
Is related to the velocity.

Total pressure (B H):

= Static pressure + dynamic pressure 97/112
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Wall AV =
q = 30W / cm2 @?_M

Wall

Zone Mame

fluid_wall

Adjacent Cell Zone
fluid

l Marmentum TthmE"lF‘.adiaﬁnnl Speciesl DPM | I"-"Iultiphasel uDs | wall Filml

Thermal Conditions

@ Heat Flux Heat Flux (w/m2) |EUDDDD |mn513nt - |

(") Temperature
@ Convection wall Thidness (m) |U

If} Radiation
() Mixed Heat Generation Rate (w/m3) |I:I |cc-n513nt
via System Coupling

Material Mame

Copper v||E::|Jt|
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Wall WWR 7 5LRF%
q = 30W/cm? —F -

-

L

COE 0

Zone Mame

fluid_wall

Adjacent Cell Zone
fluid

I Marmentum TthmE"lF‘.adiaﬁnnl Speciesl DPM | I"-"Iultiphasel uDs | wall Filml

Thermal Conditions

@ Heat Flux Heat Flux (w/m2) |EUDDDD |mn513nt - |

(") Temperature
@ Convection wall Thidness (m) |U

If} Radiation
() Mixed Heat Generation Rate (w/m3) |I:I |cc-n513nt
via System Coupling

Material Mame

Copper v||E::ht|
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This wall type has fluid zone and solid zone on each
side. This wall is called a “two-sided-wall”.

When such kind wall is read into Fluent, a “shadow”
(82%) zone is automatically created.
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There are three options for the temperature boundary
conditions of such “two-sided-wall”.

Thermal Conditions

) B Heat flux
) Heat Flux B Temperature
Temperature B Coupled

@ Coupled

If you choose “Coupled”, no additional information Is
required. The solver will calculate heat transfer directly
from the solution of adjacent cells. Such wall is not a

boundary.
101/112


/
/

CFD-NHT-EHT
CENTER

You also can uncouple the sides of the wall and give
different boundary condition for different sides of the

wall.

O

Zone Name

fluid_solid_inter

Adjacent Cell Zone

fluid

Shadow Face Zone

fluid_solid_inter-shadaw

Thermal Conditions

@ Heat Flux
) Temperature
(") Coupled

Adjacent Cell Zone
fluid

Momentum  Thermal | Radiation | Species| DPM | Multiphase | uDs | wall Fiim |

Heat Flux (w/m2) |D

| constant - |

Wall Thidaness {m) |D

The adjacent cell zone of this wall is fluid!
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Wall

Zone Mame

fluid_solid_inter-shadow ﬁld_llal::ent I::E" EEIHE

Adjacent Cell Zone

solid Eﬂlid

Shadow Face Zone
fluid_solid_inter

|"-"|ﬂ|'|'IEFItL.II'I1] Thermall Radiatinn] Spe::iesl DPM l Multiphasel uD

This page is not applicable under current settings.

The adjacent cell zone of this shadow wall is solid!

You can find the wall and its shadow created
automatically created by Fluent are adjacent to fluid
and solid, respectively. So you can specify different BC

for different walls.
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iginal two side wall

Adjacent tg Adjacent to
fluid -Tr solid
Specify BC Specify BC

for the fluid for the solid
side side

Thermal Conditions
Thermal Conditions

@ Heat Flux

() Coupled

Its shadow -c-fe-é'-c'ed by Fluen}:0 1119
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/st step: Define the solution

For algorithm and schemes, keep it as default. For more

details of this step, one can refer to Example 1 of Chapter
13.

Solution Methods

Algorithm: simple

|SIMPLE -

. Gradient: Least Square Cell Based
ILeast Squares Cell Based "J

—_— - Pressure: second order

ISemnd Crder Upwind vJ _
—— . Momentum: second order upwind

Energy: second order Upwind

Mon-Iterative Time Advancement
Frozen Flux Formulation

105/112


/
/

CFD-NHT-EHT
CENTER

/st step: Define the solution

For under-relaxation factor, keep it default. For more
details, refer to Example 1.

8st step: Initialization

Use the standard initialization, for more details of
Hybrid initialization, refer to Example 1.

Step 9: Run the simulation

Step 10: Post-processing results
106/112
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Residuals

a o 20 om0 40 s 600 70 s0 oo 1000
Iterations

Scaled Residuals Dec 23, 2017
ANSYS Fluent 15.0 (2d, pbnsg, lam)
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Contours of static pressure (Pa)

2: Contours of Static Pressur v

1.05e+01
6.16e+00
1.87e+00
-2.43e+00
-6.72e+00

Contours of Static Pressure (pascal) Dec 23, 2017
ANSYS Fluent 15.0 (2d, pbns, lam)
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Velocity magnitude

4.05e-02
3.24e-02
2.43e-02
1.62e-02
5.09e-03
0.00e-+00
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Temperature (K)

3.13e+02
3.10e+)2
3.07e+02
3.03e+)2
3.00e+)2
2.96e+)2
2.93e+)2
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Temperature (K) of velocity as 0.01

3.18e+12
3.10e+12

3.01e+02
2 G4H17
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g

23803

<\

Thanks!

50'? @ XL
PRER , 3%, 1BS
RRHESTITENEPRERXNE , ARREXREFE

MB#S :
MAER:

it - FSEFIBI3-4niET

A

JFTAFFEGF R fF !

People in the same boat help each other to
cross to the other bank, where....
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