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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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For each example, the general content of the lecture iIs

as follows:

1: Using slides to explain in detail the general 10 steps
for Fluent simulation! ( PPTiH##R )

1. Read mesh 2. scale domain

3. Choose model 4.define material

5. define zone condition 6. define boundary condition
7. Solution 8. Initialization

9. Run the simulation. 10. Post-processing

2: Operating the Fluent software to simulate the
example and post-process the results. (1 Z1TEREF )

3: Drawing inferences for each example (#—R= 2;/73
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13.1 Heat transfer with source term

Known: Steady heat conduction in a three-layer solid
region with source term in the middle layer. The outer
two layers are Aluminum(48), while the middle layer is
nuclear fuel zone. The domain and size is shown in Fig.
1. The boundary conditions are as follows:

m Left and right boundary---adiabatic

m Top and bottom boundary-- convective heat transfer
Heat transfer coefficient: h=3500 W/(m?K);
Fluid temperature: T,=150°C.

= In the middle layer--- a constant source term
6/73
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Nuclear fuel zone
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h=3500, T=150 \ |-

Aluminum plate

CFD-NHT-EHT
CENTER

Aluminum plate

/

h T,

h=3500, T=150

Source term

omnT

—Smm | 15000000W/m?

Adiabatic

Fig.1 Computational domain
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Find: temperature distribution in the domain.

Solution:  djy(/7,gradg) +S; =0

It is a heat conduction problem with given GAMA and source
term. GAMA and source term are different for different layers.

Remark: construct the reasonable physical model and
write down the right governing equation, BC and IC is
the first and most important step before using Fluent.

Fluent is just a tool for solving above problem !

Background of NHT helps you better use the tool.

O/ 1o
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Start the Fluent software

B Fluent Launcher — O >
Fluent Launcher . .
. 1. Choose 2-Dimension
|:|I:I Double Precision _ .

2. Choose display options
 Erbd 3. Choose Serial processing
| “Waorkbench Color #cherne
[ Show bore Options Option

Dot o i~ —

Note: Double precision or Single precision
For most cases the single precision version of Fluent is sufficient.

For example, for heat transfer problem, if the thermal
conductivity between different components are high, it is
recommended to use Double Precision \ersion. 9/73
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Step 1: Read and check the mesh
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m The mesh Is generated by pre-processing software such as
ICEM and GAMBIT. The document is with suffix (J52%43)
“ msh”

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

our general teaching code.

) Fluent@DESKTOP-2C2BOSO [2d, pbns, lam]

File Mesh Define Solve Adapt Surface Display Report Parallel

Read
Write

Import
Export

Export to CFD-Post...

Solution Files...
nterpolate...

FSI Mapping

Save Picture...

Drata File Quantities...

Batch Options...

Exit

THOTITOTS

» - |-v D -
> Lratd.. L
: Case & Data... |
SAT Table...
DTRM Rays...
5 View Factors...
Profile...
Scheme...
Journal...
wall
D GFEI‘\.I'itY Units, ..

Mesh->Read

> Reading "F:‘\Fluent\case1iwall.msh"...

Done.
11457
200
2088
Y]
Y]
22144
c6aa
2848
2848

nodes.

mixed
mixed
mixed
mixed
mixed

quadrilateral cells, zone 2.
quadrilateral cells, zone 3.
quadrilateral cells, zone 4.

wall faces, Zone
wall faces, Zone
wall faces, Zone
wall faces, zone 8.

interior faces, zone 18.

= oh LM
| T T |

10/73
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Step 1: Read and check the mesh

Mesh->Check
m Check the guality and topological information of the

meSh Mesh Check

default-interior -» default-interior (18) and default-interior:817 (17)
Domain Extents:
¥—coordinate: min {(m) = -1.408008008e-82, max (m) = 1.40800080e-082
y-coordinate: min {m) = -5.00008088e-82, max {(m) = 5.000000e-02
Uolume statistics:
minimum volume (m3): 2.499982e-07
magimum volume (m3): 2.500088e-07
total volume {m3): 2.800000e-83
Face area statistics:
minimum face area {(m2): 4.999073e-04
maximum face area (m2): 5.0000108e-84
Checking mesh. ... ... cccuemmanannennnn
Done.

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. 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. 11/73
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Step 2: Scale the domain size

General->Scale
| conern | e @

Domain Extents Scaling

: ¥min {m) |—U.Ul4 Xmax (m) |U.Ul4 (@ Convert Units
] [ Repart Quality ] () Spedify Scaling Factors
¥min {m) |—U.05 ¥max (m) |U.UE Mesh Was Created In
[{Select:: v]
] _ View Length Unit In Scaling Factors

Type Velodty Formulation

(@) Pressure-Based @) Absolute [m (P

(7 Density-Based (71 Relative
1

Time 2D Space

@ Steady (@) Planar

() Transient (71 Axisymmetric Unscale

() Axisymmetric Swirl

[ Gravity

m Fluent stores the mesh in units as “m”, Sl unit. You can show it

In different units such as cm, mm, in, or ft.
12/73
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m You also can scale the domain size use “Convert Units” or
“ Specify Scaling Factors” command.

Remark: Fluent thought you create the mesh in units of m.
However, If your mesh is created in a different unit, such as cm,
you must use Convert Units Command to change the mesh into
the right size. The values will be multiplied by the Scaling Factor.

ICEM: 1 cm -> Fluent: 1m -> Scale: cm, factor: 0.01
B . S e \ oo

Domain Extents Scaling Domain E Scaling
xmin (m) [g 014 ¥max (m) .3014 3) Conver t Units #fin (m) [0 00014 ¥max (m) [ oo014 © Convert Units
. Sp cify Scaling Factors ‘ . _) Spedfy Scaling Factors
¥min (m} [g, o5 Ymax (m) (g5 fmin (m} 5 ooos ¥max (m) [q.ooos i\‘lesh Was Created In J
> m -

View Length Unit In View Length Unit In
[m )

m

[ Scale H Unscale ] I Scale H Unscale ]

;



/
/

CFD-NHT-EHT
CENTER

m “Specify Scaling factors”, by using this you can define your own
scaling factor.
Remark: In “Convert Unit”, the scaling factor is fixed, You can

also use “Specify Scaling Factors” to define your own scaling
factor. For example, in the following the size of x direction is

doubled.
T Scale Mesh &J B Scale Mesh
—
Domain Extents Scaling T 5 Scaling
Xmin {(m) g 014 Xmax (m) (g 014 Conv.ert Uni.ts Semin (i) xmax (m) (5 023 Canver + Units
@ Specify Scaling Factors ' ' @ Specify Scaling Factors
¥min (m) [.05 Ymax (M) (o5 in ¥max {m) [g.05
am ' ' fa]
View Length Unit In 2 Wiew Length Unit In Scaling Factors
o 8 o 7 v

Ylli

| Scale || Unscale |

Close Help Close Help

m If you click the Scale button by accident or use the wrong Scaling
fator, you can click the Unscale button. The old size will be recovered.,
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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.

Remark: Understand the problem you are going to solve, and

write down the right governing equations is the first and most
Important step for numerical simulation. Without background of
“Fluid mechanics” ,“ Heat Transfer” and “numerical heat
transfer”, it Is hard to complete this step for fluid flow and heat
transfer problem.

div(/ ,gradg)+S, =0
This Is the equation we will solve, the energy equation for heat
conduction in solid, without radiation and convection. 15/73
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Remark: The governing equation of energy solved by Fluent is

as follows (Ansys Help: 5.2.1)

-

%(pE)+?-(F(pE+p))=?-Lﬁ:fff?T— Zh_fjf"(?eff'ﬁ]J +S5},
J

2

E=h—§+; Enthalpy

8.1 Format Improvement of General Governing Equation

d(pcyT) d(pcyuT) d(pcy,oT) 9 ( 0T d [ oT
o ox | ay  ox (Aa)my (Aay>+sr'

d(pT) d(puT) N d(pvT) o ( A BT) N 0 ( A 8T> +&

ot + 0X Ay T ox Cp 0X dy \ ¢, dy Cp

1 aC'P-. oT acp JdT ac.”
2 ["Cf’Tazc+ (pfﬁﬂ_’\' ax> o (‘ eyl =A By) oy ]

6/73
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Improved format of the general G.E.
The frame work of the previous G.E. is retained

(f#89), but the diffusion coefficient is resumed to (4%
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&%) itsoriginal value by introducing a nominal

density as follows:

5(,2; ?) . div(p ¢U) = div(,gradg) + S,

The new form of G.E. are:

Equation o ¢ Iy S¢
Continuity equation 0 1 0 0
Momentum eqn. (x direction) 0 u 1" Ofx— %
Momentum eqn. ( direction) 0 v 7 0 fy g—ﬁ
Energy equation 0Cp T A ST
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Fluent for solid phase:

V is rotational gr translational motion of solids

-

C

—(ph)+V -(Woh)=V -(kVT)+S;

h: enthalpy ct

Our general Code:

T) 0 oT %, oT
; =5 (Aa"f>+81/ (x\ay>+ST.

Such a treatment is much better than taking I"/ Cp
as a nominal diffusion coefficient and ST /Cp as a

nominal source term.
18/73
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To select the model, the command is as follows:
B Viscous Model @

Solution Setup->Model

Meshing Models

Mesh Generatiof

I'~"I|:u 2
fMultiphase - OFf

Solution Setup
General Energy - Off
T Viscous - Laminar

VAR

H T |
Materials

Radiation - Off
HeatExn:hanger - Off

FRases
Cell Zone Conditions DISD’EtE Phase - Off
Boundary Conditions Solidification & Melting - Off
Mesh Interfaces Acoustics - Off

Drynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls

B eyl

Energy
Energy Equation

Ok | Cancel Help

Model

) Inviscid
ﬂ Laminar
1 Spalart-allmaras {1 egn)
(71 k-epsilon (2 eqn)
) k-omega (2 egn)
() Transition k-kl-omega (3 egn)
() Transition 55T {4 egn)
1 Reynolds Stress (5 egn)
() Scale-Adaptive Simulation (SAS)

Options

|:| Viscous Heating
[ | Low-Pressure Boundary Slip

[ ] ] [Canr_el] [Help ]

Remark: It is interesting to note that no matter what kind

of problems you will solve, the model “Viscous-Laminar”

IS always activated. We can cancel it later.
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Remark: In our general code,

In SETUP2, Visit NF from 1
to NFMAX in order; When
some value of NF is visited
and LSOLVE(NF)=.T. ,

then this variable is solved;

Similarly In PRINT
SUBROUTINE NF is visited
form 1 to NFX4(=14) In
order , as long as
LPRINT(NF) = .T. , the
variable Is printed out.

CFD-NHT-EHT
CENTER

| i |
I MAIN '
[ |
'\
SETUP USER SUPPLY Ol]ly
. executed
GRID |7.:” UGRID once for
%
{ﬂ( SETUP1 Y one case
START y,
----- n T I I B B = .
DENSE )
. |
—~"| | BOUND
- R Executed
N OUTPUT [q...| PRINT
USER >f0r each
‘ DIFLO iteration
I N level
] SETUP2 " —%lmsora
SOLVE
/ 3073

20/73
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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 defined. Ty
T |
Solution Setup—->Materials old

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

Click the Create/Edit button

to find or define new\
material! i) [ D]

Help
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F ]
e

MName Order Materials b
_ Material Type !
aluminum | <olid - | @ Name
() Chemical Formula

Chemical Formula

Fluent Solid Materials

Fluent Database. .. ]I

a |a]urn|nw1'| (al) -..-| [
Misckure | User-Defined Database. .. |
|n|:|nE T|
Properties
iy~ —
constant |

Mew Input Harameter
Cp (Spedific Heat) (j/kg+) [mmt »|| Edit.. |

|a?1

m

rhermal Conductivity (w/m-k) |::nr1513.r1t 1..|| Edit... |

|2ﬂ2.4

[Ehange!treate] [ Delete ] [ Close ] [ Help ]
I ' o 22[73°

—

— - i = s
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Fluent provide a lot of materials Iin its database. Usually,
You can find the material you need in the database.

Fluent Fluid Materials [=] [E] [=) Material Type

For example, CO,

ﬁarbon—dinih’ide {ncn) - [ﬂ“id h ]
carbon-dioxide (co2) 7 Order Materials by
I rarbon-dioxide- (co2-) bl @ Name

carbon-disulfide-vapor (cs2) (") Chemical Formula

Acentric Factor

[mnsiﬁnt » || View... carbon-maonoxide (co)
rarhnm-nvids -nitride nend i
|U-33 1 | 11} [ 3
Copy Materials from Case... | | Delete

Properties

Density (ka/m3) [mnsmnt v] View. .. —
|1.:r'3:r's -
LLER TR [mnsiant v] View... Cp (Spedfic Heat) /oK) [pﬂecewise-pol}'ﬂumial v] ViEW. ..
|58.U4E|8 |
Critical Temperature (k) [mnsiﬁnt ,] T [Thermal Conductivity (w/m-) [mnsmnt ,] Vicw
|EUB-1 |u.0145
Critical Pressure (pascal) [mnsiﬁnt v] View. .. Viscosity (ka/m-s) [mnsmnt ‘_] View...
| 4700000 [1.37-05
Critical Spedfic Volume (m3/kag) [mnsiﬁnt v] Vien
|U.DUSG Mew... | |Edit.. Save [ Copy ] [Close ] [ Help ]
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However, it will happen that the material you need Is not
In the database. You can input it manually.

Materials Mame Material Type Order Materials by
Fiuid u [snlid T] @ Name
air (7 Chemical Formula
Sold Chemical Formuia Fluent Solid Materials
alurmirurm [u [ Fluent Database... ]
Mishire [User—Deﬁned Database... ]
nane
Properties
-~
Density (kag/m3) [mr‘lsmnt ,] Edit... b
|190m
Cp (Spedific Heat) GAaH) [ nstant »|| Ed...
|11r5
Thermal Conductivity {w/m-) [mnsmnt ,,] — =
|2}'.4
| Create/Edit... ||  Delete
i pu
|
! [ChangefCreate] [ Delete ] [ Close i [ Help
Ll

24l (S
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Our general Code:
12. GAMSOR
(1) Determine [ y for different variables:

u,v-n ;I-4A

! MAIN |
- ~
SETUP USER SUPPLY Only
- o executed
MAIN = GRID |g..% UGRID once for
|
SETUP1 \ 4 one case
START _J
\
DENSE
) e
= _‘__-j:_':.- = BOU ND |
= ; Executed

" USER As g >f0r each
prrLow| | Y én&?u.sr> iteration
,,T N level

«— SETUP2 GAMSORl

14
SOLVE
/ 30/73
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Step 5: Define zone condition

Solution Setup->Cell Zone Condition

Zone type:
e Fluid
e Solid

Porous media iIs treated as a type of
fluid zone, In which parameters
related to porous media should be
given such as porosity, permeability
(BEX) , etc. We will discuss it in
Example 6.

CFD-NHT-EHT
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Cell Zone Conditions

Zone

b
zonemiddle
zoneright
Type ID
mixture lsulid vl |2
[ Edit... ] [ Copy... ][F‘mﬁles... ]
[ Parameters... ] [Dperating Cunditinns...]

(@) Superfidal Velodty
Physical Velodty

26/73
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Each zone has its ID.

Each zone should be assigned a
type, either fluid or solid.

Phase 1S not activated here. It can
be edited under other cases such as

multiphase (Z#{iK) flow model is

CFD-NHT-EHT
CENTER

Cell Zone Conditions

Zone

zoneleft
zonemiddle

zoneright

Type

mixture | solid - |

activated.

| Edt. |[cf

Py ||F‘rnﬁles... |

| Parameters... | ||:|p

erating Conditions. .. |

Click Edit to define the zone
condition of each zone.

[ Display Mesh...

2) Superfical Velodty
Physical Velodty

| Help |

27173
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A kind of material should be
given to the zone, such as Al
here for the two out layers.

Frame motion and Mesh
motion 1s used If the solid or
the frame is moving.

If T of the zone iIs fixed, you
can select the Fixed value
button.

Source term should Dbe
selected If there I1s a source
term In the zone.

2 solid

CFD-NHT-EHT
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fone Mame

|2IIII'|E|EHI

Material Mame laluminum

|:| Frame Motion |:| Source Terms
[ Mesh Motion [Fixed valles

Reference Frame ] Mesh Motion l Source Terms ] Fixed Values ]

Rotation-Axis Origin

¥ {m) [g

lmnstant

v

lmnstant

")

I (0] J ICanr_EIJ [Help I

28/73
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For the middle zone,
source term IS
activated, and the
value of the source
term IS Input In the
Energy Sources

CFD-NHT-EHT
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& solid

fone Mame

Material Name l“

Interface.

Remark: Source term
IS given in GAMSOR,
which is linearized and

Ap and Con Is given.

S=S.+S.¢,, S, <0

zonemiddle

v | [Edt... |

|:| Frame Motion Source Terms
[ Mesh Motion || Fixed Values

Reference Frame l Mesh Motion Source Terms l Fixed Values ]

Energy |D SOUrces |Edit--- |

-~

-

-
B Energy sources

—

Mumber of Energy sources |4

(=]
(=]

L {w/m3) | 1,57 constant

[ (04 ] [Canr_el] [HEIp ]

B e e

e=JI 1 \J
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Remark: In Fluent, If the source term Is not a constant
and 1s a function of the variable solved, local
linearization of source term Is also adopted.

S=S.+S.¢, S, <0

1. Enhance the solution stability;
2. Accelerate the convergence rate.

For general source term that iIs not a constant, user
defined function (UDF) Is required in Fluent.
Define_Source Is adopted to specify custom source term

for different transport equations.
30/73
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Step 6: Define the boundary condition

Boundary condition definition is one of the most
Important and difficult step during Fluent simulation.
General boundary conditions in Fluent can be divided
Into two kinds:

1. BC at inlet and outlet: pressure, velocity, mass flow
rate, outflow...

2. BC at wall: wall, periodic, symmetric...

Remark: Interior cell zone and interior interface will also
shown 1n the BC Window.

oL/ 1O
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For example, Default-interior:016 is also listed here.
However, it is not a Boundary of the domain. Its type is

Interior here.

Boundary Conditions

walldown
walldown: 009
walldowr:011
walleft
wallright
wallup
wallup:012
wallup:013

default-interior
default-nterior:014
default-interior:015

default-interior:01&6
default-interior:017

Type

interior

32/73
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Here, only the BCs related to the heat conduction
problem studied here are introduced. Other types of
BCs will be introduced in other examples.

Solution Setup->Boundary conditions

F - &l

Zone Zone Name

default-interior |Wa|||Ef-t
default-nterior:014
default-interior:015 )
default-interior;016 Adjacent Cell Zone
default-nterior:017 |zoneleﬂ:
walldown
salldown; 009
| wa '3""'-"'I Momentum  Thermal | F'.adiationl Spe::iesl DPM I Multiphasel ups I wall Film
%I Thermal Cundiﬁunsl
wallup @ Heat Flux Heat Flux (w/m2) |I] [mnsmnt ,]
wallup:012 () Temperature
wallup:013 {®) Convection Wall Thickness (m) |I]
") Radiation )
i) Mixed Heat Generation Rate (w/m3) |,] [mnsmnt v]
wia System Coupling
Material Mame
Phase Type [aluminum v] |Edit...
mixture wall |

[ Edit... ][cgpy,,,] [ Ok ] [Can::el] [Help ]

[ Parameters... ] | Operating

33/73



/
/

CFD-NHT-EHT
CENTER

1. Heat Flux (2@ BC):

2. Temperature (15t BC) Input the related values
3. Convection (3" BC)

Here, if the wall thickness Is greater than zero, and you
describe it as a line in your model, a heat generation
rate within the wall should also be given. You should
also assign the wall a kind of material.

Momentum Thermal | Radiation | Species| DPM | Multiphase | wDs | wall Fim |

Thermal Conditions

@ Heat Flux Heat Flux {(w/m2) g |mn5tant = |
Temperature
Corvechan Wall Thickness {m) |,:, -
Radiation Bl
Mixed Heat Generation Rate (w/m3) [g |mnstant - |
via System Coupling

Material Mame
alurmirum -r| EOT ]

| 0K | |Cance|| |HEI|:| | 3
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h, Tf h=3500, 7/=150

Momentum Thermal lRadiaﬁDn] Species] DPM ] Mulﬁphase] uDs l Wall Film]

Thermal Conditions

Heat Flux
Temperature

@ Convection
Radiation
Mixed
via System Coupling

Material Mame

CFD-NHT-EHT

Heat Transfer Coeffident (w/m2+4) [350q |n:|::nstant

Free Stream Temperature (k) (423 ||:|.‘:r|5tar|t

Wall Thidkness (m) [

Heat Generation Rate (w/m3) |III |n:|::nstant

| aluminum

-.-||Edit...|

Remark: Other types of thermal BC in Fluent include

radiation BC, mixed BC(combined radiation and
convection BC), thermal conditions for two-sides walls,
shell conduction.... For more details, you can refer to

the Help File of Fluent.

35/73
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Step 7: Solution setup: algorithm and scheme

Remark: In Fluent, for
the SIMPLE  series
algorithms, only SIMPLE
SIMPLEC

Included.

and are

the
difference between
SIMPLE, SIMPLEC and
SIMPLER?

Review: What IS

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Controls
Maonitors

Solution Initialization
Calculation Activities
Run Calculation

Results

Graphics and Animations

Flots
Reports

Solution Methods

Pressure-velocity Coupling

Scheme

|SIMPLE

Spatial Discretization

Gradient

’Least Sguares Cell Based

Pressure

’SEmnd Order

Maomentum

lﬂemnd Order Lipwind

Energy

’SEmnd Order Upwind

Mon-Iterative Time Advancement
Cr i | = PR | L o

Pseudo Transient

[ |High Order Term Relaxation
Default

(Befaut]

o0/ 15
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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.



/
/

CFD-NHT-EHT
CENTER

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¢ 38/73
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Using the Gauss integration theory (EH#E:
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1) , the

—

volume integral (f&#143) is transformed into a surface

integral (i

|

BRa) :

<Vg o= j VadV = —c}qﬁ nds

Ve Ve

In the presence of discrete faces, the above equation can

be written as:

< V¢@:entroid >VC — Z¢f 'S

(I)Centroid
(I)f 39/73
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v¢centroidVC — Z ¢f ' nS

The problem of calculating gradient is transferred into

the following equation:

How to determine ¢ f at the face?

1. Green-Gauss Cell-Based (#%#k- 15+

Calculate O using cell centroid values.

oty
% = 2

HT HIL)
ey

Of

(I’CO 40/73
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2. Green-Gauss Node-Based (¥ hk- B B EE T35 18

Calculate ¢ . by the average of the node values. (&
FIJE)

_ 1 / Neelis(n)
¢f _N_fZ% ¢n= Z Cbciwci;,n

Nf: number of nodes on the face, ®,,: node value.

I Is calculated by weighted average of the cell values
surrounding the nodes ¢, .

Review: the node-based method Is more accurate than
the cell-based method.
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3. Least-Squares Cell Based F#:F ik BB /N —Feik

It Is the default scheme for gradient calculation.

The basic idea Is as follows. Consider two cell centroid
C, and C,, and their distance vector as or. Then, the
following equation

i = ¢ +(V¢)'(rc:i — CO)

IS exact only when the solution field iIs linear! In other
words, there Is no second-order term for Taylor

expansion of ¢!
42/73
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For a cell centroid C, with N neighboring nods C,,

CDCi — %\_ [¢?:o + (V¢) ' (rCi — rco)]
True value Calculated value

Making summation of all these ®.; with a weighting

factor w;

&= 2w = D W (¢ ~[dko + (V) (1~ 1e0)])'|
(o (e es,, 06, VI
—izﬂ: W (% o — o — AX +ayAyl pe Azi_]

TTINJI

I \J
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Therefore, to calculate the gradient V¢ it to find
the one leading to the minimum ¢&!

§:Z<Wi£¢éi_¢é‘,o @fAX‘F@fAyl afAzi ) >

=1

. J

This Is the idea of Least-Squares method.

Remark: On irregular (A#M]) unstructured meshes,
the accuracy of the least-squares gradient method is

comparable to that of the node-based gradient. However,
It IS less expensive to compute the least-squares gradient

than the node-based gradient.
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Pressure calculation: to calculate the pressure value at

the interface using centroid value.

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Diynamic Mesh
Reference Values

Solution

olution Methods

Solution Controls

Monitors

Solution Initialization

Calculation Activities

Fun Calculation
Results

Graphics and Animations
Flots
Reports

Solution Methods

Pressure-Velocty Coupling

Scheme

|SIMPLE

Spatial Discretization

Gradient

~emstSqmmres-Eobased

Pressure

[Semnd Order

Momentum

secor-erdertpm

Energy

[Semnd Order Upwind

Transient Formulation

Mon-Iterative Time Advancement
Frozen Flux Formulation
Pseudo Transient

[ High Crder Term Relaxation

p

Pressure

Second QOrder

Second Order
Standard

PRESTO!

Linear

Body Force Weighted

45/73
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1. Linear scheme

Computes the face pressure use the average of the
pressure values in the adjacent cells.

Peo + Pt
2

P, =

2. Standard scheme
Interpolate the pressure using momentum equation
coefficient. P P

Pr=— 1

46/73
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3. Second Order
Calculate the pressure value using a central

difference scheme
I:)CO T VI:)COrCO T PCl T VI:)Cerl
2
4. Body Force Weighted scheme
Calculate the pressure according to the body force.
For multiphase flow such as VOF (VMolume of Fluid, &
FUpk # ) or LS (Level Set, JKEH) , it is

recommended. Not for porous media!

P. =

5. PRESTO! (Pressure Staggering Option) scheme
For problem with high pressure gradient. 47/73
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For convective term scheme, we are very familiar!

Momentum

IEE-mnd Order w - I
First Order Upwind
Second Order Upwind

Power Law
QUICK

Third-Order MUSCL

Energy

ISE«mnd Qrder w - I
First Order Upwind
Second Order Upwind

Power Law
r QUICK

Third-Order MUSCL

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Diynamic Mesh
Reference Values

Solution

olution Methods

Solution Controls

Monitors

Solution Initialization

Calculation Activities

Fun Calculation
Results

Graphics and Animations
Flots
Reports

Solution Methods

Pressure-Velocty Coupling

Scheme

|SIMPLE

Spatial Discretization

Gradient

[Least Squares Cell Based

Pressure

[Second Crder

Momentum

[Second Order Upwind

Energy

[Second Order Upwind

Transient Formulation

Mon-Tterative Time Advancement

Frozen Flux Formulation
Pseudo Transient

[ High Order Term Relaxation

Help

48/73


/
/

CFD-NHT-EHT
CENTER

Step 7: Solution setup: relaxation

Solution Controls

Under' relaxation iS adopted to Llnpl:ler-REIaxaﬁn:nnFan:b:lrs
control the change rate of

Density
simulated variables in subsequent !
Iterations. !
The relaxation factor a for each

variable has been optimized for the | =g
IargeSt pOSSibIe. |En:|uat|n::|ns... | |L|n'||ts... | |Aduanced...

Help |

In some cases, If your simulation Is not converged, and
you are sure there is no problem with other setting, you
can try to reduce a!
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Remark: In our teaching code, except the pressure

correction equation, under-relaxation of other
equations are implemented into the solution process.

b
P IO DL

P

P)¢P Zanb b+ (- a) ¢P

[New a?% mb, }

dp ¢P :Zanb nb +b’

50/73
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Step 7: Solution setup: monitors

1000
|

2 Residual Moniters

Options
Print to Console
Flot

Window
1
Iterations to

1000

Iterations to Store

oo

Curves...

o

1|[| B

=

4[]

Axes...

Equations

IS . A -~

w-velocity
y-velodty
energy

Residual Values

[ Mormalize

Scale
[~] compute Local Scale

Residual Monitor Check Convergence Absolute Criteria =~ =
continuity 0.001

0.001
0.001
le-06

l oK I l Plot I IR eeeeee Iizel I Cancel I I Help I

N
S
T
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|surf-m0n—2
Options

Print to Console

[ Plat

-
. = |Curves... || Axes...

[ wirite

finegral

Field Variable

IPressure. =

|Static Pressure

Surfaces

default-interior

default-nterior:014
default-interior:015
default-nterior:016

|C s Usersflichennht/Desktop/Example fsurf+

Iteration

Get Data Every

default-interior:017
walldown

walldown: 003
walldown:011
wallleft

| 1 @ IIteration
=

4

wallright

Average Over(Iterations)

\w

MNew Surface =

| 1

[«0]

I oK ] [Cancel] IHeIp J

The Residuals are the most important values to be
monitored. You can double click it to set the related

values.

You can also set other variables to monitor, such as
temperature at a certain point.

A1/ 13
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Step 8: Initialization

| EY Hybrid Initialization X

Solution Initialization

Initiglization Methods | General Settings l Turbulence Settings l Species Settings l
i@ Hybrid Initialization

Standard Initialization Number of Iterations |15

| More Settings... || Initialize Explicit Under-Relaxation Factor

P'atch...| Scalar Equation-0 [4 ]
Reset DPM Sources | | Reset Statistics Scalar Equation-1 ’1—

(4[]

Help

The default selection is Hybrid initialization JE&#]18
1E).

The initial pressure and velocity field you give usually are
not consistent, In other words, not meet the NS equation.

In SIMPLER algorithm, we solved an additional Poisson

equation for pressure based on given velocity. !
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The Hybrid initialization method iIs similar that Poisson
equation is solved to initialize the velocity and pressure
equation. You can set the number of iterations to make
sure the initial velocity and pressure are consistent.

B Hybrid Initialization |t

General Settings lTurI:uulencE Setﬁngsl Spedes Setﬁngsl

Number of Iterations ‘ 10 [ ]
(=]

Explicit Under-Relaxation Factor

Scalar Equation-0 [

Scalar Equation-1 [

53/73
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Or you can simply chose Standard initialization method.

Solution Initialization

Click Compute from and the drop- psssesm
down list will show and you can select >77=™"
an region. — '

l??l Relative to Cell Zone
() Absolute
Initial Yalues
Compute from —— n
- i]
0
wallright {rcosty )
wallleft e
walldown o
wallup
walldown:009
walldown:011 | b
wallup:012 —— E
Iw%a"up:nlﬂ ~‘ Reset DPM Sources | | Reset Statistics

54/73
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The eight steps for preparing a Fluent simulation have
been completed!

1. Read mesh 2. scale domain

3. Choose model 4.define material

5. define zone condition 6. define boundary condition
7. Solution step 8. Initialization

9. Run the simulation. 10. Post-process

Step 9: Run the simulation

What should you do in this step?
Just stare at the monitor to hope
that the residual curves are going
down for a steady problem.

Diverged? Go back to Steps 1 to 8. 9
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Step 10: Result post-processing

4 B2e+H12
4 B2e+H]2
4.61e+H12
4 Ble+12
4.59e+H12
4.55eH12
4.57eH12
4 5beH12
4 5beHI12
4 5e+H12
4 Ade+H]2
4 53e+H12

Fig.2 Temperature distribution
56/73
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4508402

4.48e+02
-0.015 -0.01 -0.005 0 0.005 0.01 0.015

Position (m)

Fig.3 Temperature along x direction at half height

57173
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Review: The 10 steps for a Fluent simulation:

1. Read and check the mesh: mesh quality.

2. Scale domain: make sure the domain size is right.

3. Choose model: write down the right governing equation is
very important.

4. Define material: the solid and fluid related to your problem.

5. Define zone condition: material of each zone and source term

6. Define boundary condition: very important

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

8. Initialization: initial condition

9. Run the simulation: monitor the residual curves and certain

variable.

10. Post-process: analyze the results.

58/73
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2: Operating the Fluent software to simulate the
example and post-process the results. ( IZTTEREF )

Uranium: density: 19090 kg/m3; Cp: 116 J/(kg.K)
Thermal conductivity: 27.4 W/(m.K)

59/58
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g

23803

<\

Thanks!

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

MB#S :
MAER:

7] e il 3-4fniE+

A

JFTAFFEGF R fF !

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