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Numerical Heat Transfer

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

Instructor L1 Chen, WenQuan Tao

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

Xi’an Jiaotong University
Xi’an, 2018-Dec.-12
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Class A

13. Al Flow and heat transfer in microchannels with
secondary channels

(HA K8 rA0EE i s i)

13. A2 Flow and heat transfer in porous media

(% AL R Bl

13. A3 Multiphase flow using Volume of Fraction
method (% HIHEVOF 7 E:Akd)

3/58
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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##: )

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. (IZTTEREF )

3 : Drawing inferences for each example ($—R=), .
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13 Al: Flow and heat transfer in microchannels with
secondary channels

Background:

Because of the integration(£ g¢4k) of electron component (H,
Fufk), the heat flux of a EC greatly increases, even reaches

MW-m-order of magnitude.

Traditional cooling techniques cannot meet the cooling
demand of such high heat flux.

Microchannel is proposed for this purpose.
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What is “Microscale” ?

1. The continuum assumption GEZE/ FR ) does not stand.

Depending on Kn number, the flow may be in continuum, slip ,
transition or even free molecular flow region.

The NS equation should be modified or even is not applicable.

2. The relative importance of affecting factors changes.

Fluid flow is controlled by body forces and surface forces
body forces: ~m?3 surface forces: ~m?

surface forces/body forces: ~m; surface force becomes stronger

as length scale decreases.
6/68
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H Known

Steady single phase fluid flow and heat transfer of water in a
copper microchannel. There are secondary channels in the domain,
as displayed in Fig. 1.

Adiabatic

fluid

‘ . “I % )‘\) . SO I
1|
(o o i ¥
7 A Al
. 1 < 5 LA
e 0.3
AL A7) [
! UR(=a!
o | he
4n
Computational L I || t
Domain O. 12

0.3 Heat flux from EC

Fig.1 Computational domain 7/68
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W.=0.15 450
/
}0.5We
Top view d_\q\w_/l/ \l\ /// NN\
0.5W, S— W, — pa
0.5 Y01

Boundary conditions

Heat transfer Fluid flow
Inlet F:300K; S: adiabatic F:Velocity inlet; S:wall
Outlet adiabatic F:latm; S:wall
Bottom | Heat flux(1x10°W-m-2) Wall
Up Adiabatic Wall
Side Symmetry Symmetry

8/68


/
/
/
/

CFD-NHT-EHT
CENTER

B Find: average Nusselt number (Nu,,), average
temperature of bottom surface (T,) and resistance
factor (f) at different Re numbers (100, 200, 300, 400,

500).
B Assumptions:
(1) When Kn is less than 10-3, N-S Eqgs still can be used;
(2) laminar, incompressible, Newtonian fluid;
(3) Physical parameters are constant;
(4) The gravity and viscous dissipation can be ignored;
(5) The thermal radiation can be ignored.

9/68
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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.

B Governing equations:

Continuum equation Vu=0
Momentum equation  V(puu)=-Vp+7V:u

Energy equation  V(pc uT,)=VAVT, 0=VAVT,
10/68
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Start the Fluent software

Lo o 1. Choose 3-Dimension

Fluent Launcher

2. Choose display options

Options
['ouble Precizion

et 3. Choose Serial processing

Pracessing Options

| option or parallel to choose
T different number of processes
—

[ QK ] [ Default ] [ Cancel ] [ Help v]

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 Version. 11/68
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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 (J5284%)
“ msh”

m This step is similar to the Grid subroutine (UGRID, Setupl) In
our general teaching code.

Building...
mesh

2| Fluent@DESKTOP-2C2B0S0 [2d, pbns, lam] S$litting wall zone 29 into a coupled wall.

o terials,
fle | Mesh Define Solve Adapt_swire—aizpley Fil@ = Read->Mesh interface,
D - i

ase.. [

Write ? inter_surface_sf-shadow
Diata... | down_wall s
Import + Case & Dat up_wall s
Export > ase o Latd... 1 up_wall_f
_ [P - l; oy inter_surface sf
Export to CFD-Post... PDF... wall left f
Solution Files SAT Table... wall left s
CILHER PSS o ] wall right_f
nterpolate... DTRM Rays... | wall_right_s
. View Factors... out_s
F5I Mapping b out_f
Save Picture... Profile... i:—i
Data File Quantities... Scheme... inE_Fluil:I
. int_solid
Batch Options... Journal... fluid
Exit wall solid
Done.

oo
Solution Initislization p . h £ disol
Calculation Activities [ Gravity Units... FEparing mes or display. .-

Run Calculation Done. 1 2/68
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Mesh->Check

m Check the

quality and
topological .
Information
of the mesh

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 IHG: MEEh I:hEI:k '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. 13/68
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Step 2: Scale the domain size (4g#t)

General->Scale Make sure the unit is right.

rnain Exten Scaling
[ Scale... ] [ Check ] [F‘.Eport Quality ] < ¥min {m) y Xrmax {m) |D.225 @ Convert Units
\_ ("1 Specify Scaling Factors
Yrmin () |—D.015 Ymax (m) |I].I]15 Mesh Was Created In
Salver =0 hl
Zmin (m) |D Zmax (m) |D.D4
Type Velocity Formulation
(@) Pressure-Based @ Absolute : :
(71 Density-Based (71 Relative View Length Unit In
m -
Time 2D Space
@ Stead'jl' (-1 Flanar 0.001
(7 Transient (71 Axisymmetric

() Axisymmetric Swirl | Scale || Unscale

Fleraty

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

14/00
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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 scale the mesh into the

right size. The values will be multiplied by the Scaling Factor.

ICEM: 1 mm -> Fluent: 1m -> Scale: cm, factor: 1/1000

Scale Mesh

Domain Extents

-2,775568-17 Xmax (m) [,

-1.40379e-11 Ymax (m) [g,

5.9338%-13 Zmax (m) [g,

View Length

E :

Scale Mesh

Dormain Extents

%min {m) [ 77555226

Scaling

@ Convert Units

Xmiax {ITI} |D.DD225 .
() Specify Scaling Factor

rnin {ITI::I |_1I4[]3 0

14 ¥max (m) |n.un[13

Mesh Was Created In
[mm

Zmin {m) |-6.'3388'3E

View Length Unit In

Zmax (m) |n.nnu4

[m

0.001

—_—
—

0.001

[ Scale |[ Unscale ]

15773
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Step 3: Choose the physicochemical model

Based on the governing equations you are gomg to solve, select

the related models 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 i1s hard to complete this
step for fluid flow and heat transfer
problem.

-------

| spran

Fluent is just a tool!
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Step 3: Choose the physicochemical model

To select the model, the command is as follows:

Solution Setup->Model

Mesh Generation
Solution Setup
General

aterials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dyrnamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls

Models

Multiphase - Off

Viscous - Laminar
adiation - Off

Spedes - Off
Discrete Phase - Off
Solidification & Melting - Off
Acoustics - Off

Energy

Energy

Energy Equation

oc ) [cneal) (5

T

Viscous Model E

Model

(7 Inviscid

(1 Spalart-almaras (1 eqn)

(7 k-epsilon (2 egn)

(" k-omega (2 egn)

(") Transition k-kl-omega (3 eqn)
() Transition 55T (4 eqn)

(") Reynolds Stress (5 eqn)

(7 Scale-Adaptive Simulation (SAS)

Options

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

[ QK ] [Can::el] [Help ]
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Remark: In our general teaching code

In SETUP2, Visit NF from 1
to NFMAX in order; |If
LSOLVE(NF)=.T. ,
variable is solved; Similarly »
In PRINT SUBROUTINE |
NF is visited form 1 to
NFX4(=14) in order , as U

this

| SETUP

long as LPRINT(NF)=.T.,

the variable is printed out.

SETUP1 F——

el 0>

SUPPLY |

DENSE

BOUND
—y—

=¥ UGRID

OUTPUT ..

‘> PRINT

«— SETUP2 |, _.. GAMSOR
ik}
SOLVE

CFD-NHT-EHT
CENTER

Only

executed
once for
one case

’

Executed
for each
iteration
level

30/73

18/68
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Step 4: Define the material properties

Define the properties required for modeling! For fluid
flow and heat transfer problem studied here, p, c;and 4

should be defined. s .
. E: |.|1 d Is o Materials
- - 38 iatcrials [Fua ]
Solution Setup->Materials sommm
;:::::3 D‘-' rd" w'ﬂcv rdt e
In Fluent, the default fluid is ';%"'g‘:'“:“ —
.!.'1 nitor

alr and the default solid i1s Al. i s e

-2} Run I:I ulatio

= @ Results
+-&9 Gra ph

Click the Create/Edit button @ ym=-
to add copper and liquid ~® "t
water in our case.

‘b | Create/Edit...

19/68
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b I =«

R Order Materials b
= Material Type rasr Materials oy
water-iguid

| fluid - | @ Mame
(") Chemical Formula

Chemical Formula

e Fluent Fluid Materials
o -
| wateriquid (h20<I) - Fuuent Database |
e User-Denned Database. .. |
naone
Properties
S
Density (kg/m3) |m1.1,mr1t -| Edit... b
|E|EIE.F_'
Cp (Specific Heat) ﬁﬂagmhmm v Edt.
|418.'3_'
Thermal Conductivity (w/m) |::|::rn513nt 1..| Edit )
|n.5
Viscosity (ka/m-s) |mn513nt 1r| Edit. ..
0,001003 | )
il
[Changefl:reate] [ Delete ] [ Close ] [ Help

20/68
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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
Materials Y [snlid ,] i Name
Fluid § | | () Chemical Formula
O ical F
air =Ll Fluent Solid Materials
Solid [u - [ Fluent Database... ]
aluminum MizxbLre [User—Deﬁned Database... ]
none
Properties
-
Density {kgfmﬂ} [CDFISEFIt ‘.] Edit... il
|19EI?CI
. . ]
Cp (Spedfic Heat) (jkg+) [mnsmnt _] Edit...
|115
Thermal Conductivity (w/m-) [mns — ,.] — =
|z?.4
|Create/Edit... || Delete | 5
| -
L
1 [ChangefCreate ] [ Delete ] [ Cloze H [ Help
LI

21/68
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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

22/68
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Step 5: Define zone condition

Solution Setup—>Cell Zone Condition

Cell Zone Conditions

|

solid

Each zone has its ID.

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

Type D

mixture Iﬂuid - J 18

I Edit... I I Copy... ”F‘ruﬁles... I

[ Parameters... ] Iﬂperating Canditians...]
Display Mesh. ..

) Superfidal velodty
Physical Velocity

Phase i1s not activated here. It can be
edited under other cases, for example

multiphase (£ #H #ii ) flow model is
activated. See Example A3.

Click Edit to define the zone condition of
each zone.

23106
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Porous media IS
treated as a type of
fluid zone, In which
parameters related to
porous media should
oe given such as
porosity, permeability
(BEX) , etc. We will
discuss It In Example
A2.

(

|ﬂuid
Material Name [water-hqmd v] [Edit... ]
|:| Frame Motion |:| 3D Fan Zone |:| Source Terms

n [T Fixed values
Porous Zone 1
ce Fram | 1 Motiof Porous Zone | 3 Fan Zu:unel Embedded LES Reactiu:unl Source T
[ conical 2
(4
Relative Velodty Resistance Formulation
Viscous Resistance (Inverse Absolute Permeability)
Direction-1 (1/m2) |2.111E+UB [mnsﬁnt V]
Direction-2 (1/m2) |2.111E+UB [mnsmnt "]
Direction-3 (1/m2) |2.111E+UB [mnsﬁnt V]
Inertial Resistance
[ Alternative Formulation
Direction-1 (1/m) |D [mnsiﬁnt ']
Direction-2 {1/m) |D [mnsiﬁnt ']
Direction-3 {1/m) ||] [mnsiﬁnt "]
Pruwear | mw Madel |ﬂ

[ Ok ] [Cancel] [Help ]

24/68
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Frame motion and
Mesh motion Is used

B s ——

- - fluid
if the solid or the| |
] . Material Name | yater-jiquid - | [Edit..
fram eiIs movin g . [|Frame Motion [13DFanZe’ | [|Source Terms
Mesh Motion [ Fixed Values
- Porous Zone
Ad d ed I n n eEd aS a Reference Frams : Mesh Motion  B€0us Zone ] 30 Fan Zone ] Embedded LES ] Reaction | Source Te

constant value or by| | == ,

- . [L.Ipdate From Plane Toaol ]
User deflned Wlth C Direction-1 Vectos
file compiled If you [ |
need. 2

m

X1 [mnsmnt vl

0 [mnsmnt - ]

Direction-2 Vector

If T of the zone is consan d
_ Y [1 [mnsbnt "l
fixed, you can s —_— ]
select the Fixed

value button.

25/68
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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 In the BC Window.

—— -
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For example, inter surface sf: 29 is listed here. It Is the
Interface between fluid and solid zones.

It is treated as coupled, conjugate condition (i [E#EE)

#-A9 Models

Materials

. = Cell Zone Condltlons
T bouncary Conations
----- ! Dynamic Mesh

------ -4 Reference Values

E- E Solution

------ @ Solution Methods
i’ Solution Controls
. . Monitors

]t. -p Solution Initialization
. |ri_| Calculation Activities
------ j Run Calculation

=- @ Results

[#-E3) Graphics

-ET] Animations

@7, Plots

+-£j> Reports

-8 Parameters & Customization

foneg

down_wall_s
in_f

in_s

int_fluid
int_salid

out_f
out_s
up_wall_f
up_wall_s
wall_left_f
wall_left_s
wall_right_f
wall_right_s

™ %_ =afsfTadow

[ »

m

-

Fhase
mixture

Edit.. ‘_]i Copy...

Parameters... [Dperaﬁng Cundiﬁuns...]

][Pruﬁles... ]

Display Mesh... Periodic Conditions. ..

Wall

Zone Mame

|inter_surfau:e_sf

Adjacent Cell Zone

|sulid

Shadow Face Zone

Thermal Conditions

|ir1ter_surface_51"—shaduw

Momentum Thermal | Radiation | Species| DPM | Multiphase| i

(7 Heat Flux

< @ Coupled

—

SF

> Heat Generation Rate (w/m3) P

Type ID i e
ST —

—

27/68
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Other BCs are as follows:
For fluid inlet: velocity inlet

Zone

int_fluid
int_solid
int_solid-shadow
inter_surface_sf

out_f

out_s
up_wall_f
up_wall_s
wall_left_f
wall_left_s
wall_right_f
wall_right_s

inter_surface_sf-shadow

S

—

m

4

Fhase
mixture

[ Highlight Zane

(Pt (oo e

Type D
= ‘v&lndﬂ-irdet - ] |21

axis
g exhaust-fan
|r1let—~.rer1t

interface
P2 mass-flow-inlet
autfiow
outlet-vent
pressure-far-field

pressure-inlet
pressure-outiet

EEE

Zone Mame
|in_F

Momentum |Therma|| Radiatiu:unl Speciesl DFM | Mulﬁphasel D5 |

Velodity Spedfication Method [Magnit.lde, Mormal to Boundary

Reference Frame [Absolute

Velocity Magnitude (m/s) |u.41 [consmnt

[consmnt

Supersonic/Initial Gauge Pressure (pascal) |U

Lok | [cancel| [ Hep |

Zone Mame
|ir|_F

Momentum Thermal | Raiation | Species| DPM | Multiphase| DS |

constant hd ]

Temperature (k) |300

Lok | |cancel| [ Help |

28/68
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Other BCs are as follows:

For fluid outlet: pressure outlet

1 &) Pressure Qutlet ®
| Zone MName

Boundary Conditions { [lout_f

Zone

down_wall_s - ! Momentum I it i i uDs I

in_f il t

in_s | Gauge Pressure (pascal) [ re v

int_fluid

int_solid _— .

int_solid-shadow { Backflow Direction Spedfication Methed | yormal to Boundary -

inter_surface_sf dom [ ] Radial Equilibrium Pressure Distribution

- |:| Average Pressure Spedfication
= 1 ] Target Mass Flow Rate

up_wall_f

up_wall_s

wall_left_f Ok Cancel Help

wall_left_s

wall_right_f o i ’

i Zone Name

F‘hase T y (] |°IJt_F

mixture pressure-outiet  « | |23

Momgntum  Thermal | Radiaﬁl:unl Spen:iesl DPM I Hulﬁphasel DS I
Backilow 1oLl Temperamre 1w |3CIU [mnsbnt -
[ oK ] [Can::el] [ Help ] 29/68
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Seven Kinds of Pressure in Fluent

1. Atmospheric pressure (KK H)

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

3. Absolute pressure (BE3ZH Jj): the true pressure

= Atmospheric pressure + Gauge pressure

4. Operating pressure (F{EHE ) : the same as the
reference pressure (£ HJj) inour teaching code

30/58
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Pressure in Fluent

Absolute pressure (E3ZH J7): the true pressure

= Reference Pressure + Relative Pressure

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

6. Dynamic pressure (g H): calculated by 0.5pU?
IS related to the velocity.

7. Total pressure (FJH):

= Static pressure + dynamic pressure 31/58
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Other BCs are as follows:

For bottom surface: constant heat flux

Boundary Conditions

down _wall s

gone |
N ———

Tt

in_s

int_fluid

int_solid
int_solid-shadow
inter_surface_sf
inter_surface_sf-shadow
out_f

out_s

up_wall_f
up_wall_s
wall_left_f
wall_left_s
wall_right_f
wall_right_s

m

1

Wall

Zone Mame

|duwn_wall_s

Adjacent Cell Zone

|sulid

Momentum |Therma|| Radiatil:unl Speciesl DPM

This page is not applicable under current settings.
Wall

Phase Type

mixture

I]wall -

32

[ Edit... ] [ Copy... ][P‘ruﬁles... ]

[ Parameters... ] [Dperaﬁng Cundiﬁuns...]

Display Mesh... | | Periodic Conditions. ..

[ Highlight Zone

Zone Mame

‘down_wall_s

Adjacent Cell Zone
‘solid

Momentum  Thermal |Radiatinn| Speciesl DPFM I Mulﬁphasel uDs I

Multiphase | UDS | wall Film |

Take care of the
unit of heat flux

Thermal Conditions

i@ Heat Flux
() Temperature

Heat Flux (w/m2) | 1000000

[ccns’ﬁnt

() Convection
~) Radiation

Wall Thickness {m) |U

p

() Mixed

() via System Coupling
via Mapped Interface

Heat Generation Rate (w/m3) |U

Material Mame

7] i)

[aluminum

[cons’ﬁnt

[] shell Conduction i Layer

[ QK l [Cancel] [Help ]

68
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Other BCs are as follows:

For left and right fluid surfaces: symmetry

The left and right boundary
for solid and fluid are set as

the
IS a

symmetry. Because

calculation domain
typical part extracted from
the total district, which can
represent the heat transfer

and fluid flow characteristics.

Boundary Conditions

Zone

CFD-NHT-EHT
CENTER

down_wall_s

in_f

in_s

int_fluid

int_salid
int_solid-shadow
inter_surface_sf
inter_surface_sf-shadow

out_f =
out_s 1
up_wall_f
wall_left s
wall_right_f
wall_right_s
Type I
mixture |symme1n-' 'r| ]
[ Edit... ] [ Copy... ”Pruﬁles... ]

[ Parameters... ] [Dperating Cunditiuns...]

Display Mesh... | | Periodic Conditions...

[ Highlight Zone

33/68
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Other BCs are as follows:
For top surface, solid in and out surfaces: adiabatic

and non-slipping wall

[ Parameters... ] [Dperaﬁng Cor

Display Mesh... | | Periodic Cond

[ Highlight Zone

CFD-NHT-EHT
CENTER

=]

constant
Wall Thickness (m) [

constant
[ shell Conduction ’W

Adiabatic wall

Boundary Conditi e
oundary Conditions
Zone Mame Wall
fone |up_wa||_F Zone Mame
down_wall_s I
i"_F Adjacent Cell Zone |ul:|—l'ﬂ'Ia -
in_s -
,nf_m_mJ |ﬂ“":I Adjacent Cell Zone
int_solid |ﬂuid
int_solid-shadow Mamentum Thenl'nall Radiatior
inter_surface_sf - ) ) i
— — . : Momentum Thermal | Radiation | Species | DPM | Multphaze | uDS | wall Film
inter_surface_sf-shadow wWall Motion Maotion | I p I I p I I I
1 (@ Stationary Wall Relz|  Thermal Conditions
it L @ Heat Flux I Heat Flux {w/m2)
up_wall_s Shear Condition '} Temperature
Twal e — (7} Convection
wal_left s 5 e (7 Radiation
“right el () Mixed Heat Generation Rate (w/m3)
ﬁ:”—::gm—: . Specularity Coeffident .::) via System Coupling Ht |':I
- - () Marangoni Stress . via Mapped Interface
e Material Mame
Fhase Type Roughness Height (mj ([ [aluminum v] | Edit...
mixture wall
Roughness Constant [ g
e o

[ QK ] [Cancel] [Help ]

34/68
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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

Review: What is the
difference between
SIMPLE, SIMPLEC and
SIMPLER?

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]
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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- & HrdTF BT E:)
2. Green-Gauss Node-Based (¥&#k- 53T Si3k)
3. Least-Squares Cell Based ZEF B BB/ _Fek

It Is the default scheme for gradient calculation.

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

<V¢ >——jV¢dV

C Ve 36/68
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) |, the
volume integral (J&f43) is transformed into a surface

integral (HAfA4) :
<V >_—jv¢dv _—cﬁqﬁ nds

Ve Ve

In the presence of discrete faces, the above equation can
be written as:

< V¢centroid >VC — Z¢f 'S

Using the Gauss integration theory (\&H#E:

(I)Centroid

37/68
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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 (#4k- 5 B3t 2AT3%)

Calculate ¢ using cell centroid values bcy
(PR LR) - O
¢ _ ¢é30 + %1
=
2 ¢co 38/68
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2. Green-Gauss Node-Based (B$#K- 58 ETF345 )

Calculate ¢ s by the average of the node values. ([ TR

R ERECERE) dCentroid (I)n

Ncells(n)

1 /
) ZN—Z% Sn= Gelen
f

1

Nf: number of nodes on the face, ®.,: node value.
O Is calculated by weighted average of the cell values

surrounding the nodes i

Review: the node-based method 1S 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 ¢!
40/68


/
/
/
/

CFD-NHT-EHT
CENTER

For a cell centroid C, with N neighboring nodes C,,

.. = %\— !ﬁ;o + (Vo) - (re — rCo)}]

True value Calgulated value

Making summation of all these ®.; with a weighting

factor w;
&= wg =~ [+ (V9)- (1 ~1e)]) |

R T I S Je
—Z Wi(%i Ro— 8XAX+8yAy' pe — Az, ]

. J
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Therefore, to calculate the gradient V¢ 1s to find

the one leading to the minimum ¢&!

(

N

gziZ:ﬁWiEQi_QO @fAX+@5Ay| afAzi ) i

. 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 more computational efficient compared with 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

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

PCentroid ‘

Pressure
Second Order -

Second Order
Standard

PRESTO!

Linear

Body Force Weighted
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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.

PCO Pcl

_I_
d a
Pf — P,CO P,cl

1 1
_|_

Adpco  Apa 44/68
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3. Second Order
Calculate the pressure value using a central

difference scheme
I:)CO T VI:)COrCO T I:)Cl T VI:)Clr-Cl

2
4. Body Force Weighted scheme
Calculate the pressure according to the body force.
v Multiphase flow such as VOF (Volume of Fluid, 44&

PR EE) or LS (Level Set, 7K3FE4R): recommended.

v For porous media: not recommended!

P. =

5. PRESTO! (Pressure Staggering Option) scheme
For problem with high pressure gradient. 45/68
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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
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Step 7: Solution setup: relaxation

Solution Controls

Under-relaxation is adopted to
control the change rate of L
simulated variables in subsequent —
Iiterations.

The relaxation factor o for each o

variable has been optimized for the :I

largest possible. e —

(Felp)
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!

4/(/00
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Step 7: Solution setup: monitors

Similar to “Print” function In our teaching code, you
can use Monitors in Fluent to setup a certain number of

variables to monitor the Iiteration process of the
simulation.

Do L. B =
- Options Equations
T h e R es I d u a I S a re th e | print to Console Residual Monitor Check Convergence Absolute Criteria -«
tinwity 7 7 0.001
most important values to P s
t p t t t 1 ; Curves... || Axes... .
Iterations to :TI_EIIt ’W - - W
b itored. Vi =5 8 [
e m O n I O re ' O u Ca n | Residual Values Caonver gence Criterion
|| Herations to Store a Normalize ahsolute
t th lated val S > &
SEe e reiated values. -
pute Local Scal
OK. | | Plot | |R eeeeee Iize| | Cancel | | Help
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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&#]%§
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.

“TJI U\3
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The Hybrid initialization method Is 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 [

50/68
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Or you can simply chose Standard initialization method.

Solution Initialization

Click Compute from, the drop-down s
list will show, and you can select 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

51/68
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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. e g

Diverged? Go back to Steps 1 to 8. 3
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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.

53/68
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Temperature: 302 306 310 314 318 322

distribution -0.0001
0 0.0005 o.oo1x 0.0015 0.002
B

Pressure: 101325 101560 101795 102030 102265 102500

Pressure 000015 ' - '.
distribution  -0.0001
0. 0005 0. 001 0.0015 0.002
L ]
Streamline _ Velocitz Magnituc;e: 0.2 0.4
and velocity N o \ .
distribution o 00005 0001 00015 0002
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Step 10: Post-process: Data reduction

The Reynolds number (Re) is expressed as follow:

D
Re _ pum h
u
D, = 2H W,
H. +W,
u(m/s) 0.5 1 1.5 2 2.5

Re 100 200 300 400 500
55/68
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Friction factor

2D, AP

2

Loy,

f =

Heat transfer coefficient

H G A
- Akon ( w,ave ' f ave)

AuA = NALAT, =C M(T"-T)

Average Nusselt number

56/68
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Re 100 200 300 400 500
Nu 6.1 7.89 9.158 10.2 11.12
AP(Pa) 979.63 2262.75 3793.16 5532.08 7451.92

f 0691 0399 0297  0.244 0.21
Ty(K) 321.68 31621 313.73 31222  311.17

57/68
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34000
32000 —
30000 —
28000 —

26000

h(Wem™2eK")

24000
22000 —
20000

18000

— = h(Wem™eK™1) =

e Nu . /-

r1l

10

T T T T T T T T T
100 200 300 400 500
Re

8000

7000 ~

6000

5000

4000

AP (Pa)

3000

2000

1000

—V¥— AP

e

v

T T T T T T T T T
100 200 300 400 500
Re

322 R i
_ A TW

320 .
318 .
316 A g
314 \ ]
312 - ‘\ -

A

310 . . . : . : .

100 200 300 400 500
Re

T T I T T
0.7 - ® .
0.6 - .
0.5 - .
0.4 1 .\ ]
0.3 | .\ |

o\

0.2 e

T T T T T T T

100 200 300 400 500
Re
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