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Numerical Heat Transfer

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

Lo A Y
- ®
\ s
< P LET'S STOP COVID-19!
I3 " - A To all health workers, thank you
\ ..': /
L —
=)
’ N

Li Chen, Wen-Quan Tao
CFD-NHT-EHT Center

Key Laboratory of Thermo-Fluid Science & Engineering, XJTU
Xi’an, 2021-Dec.-29 1/76
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13. 3 Pool boiling heat transfer

Problem descriptions: A pool is filled with liguid water.
Part of the bottom wall 1s heated with constant
temperature. Phase change takes place and bubbles will
be generated, leading to the pool boiling heat transfer

Process.
Outlet o
Boundary conditions
Side walls Symmetry
Side Outlet Pressure outlet
Bottom: constant Wall, 573.15K, 10°
temperature

Bottom Bottom: Wall, adiabatic, 120°

adiabatic

1]

Temperature 3/76
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Natural convection Nucleate Transition "Film
botling boiling botling botling
: T T T T -
L — | . |
et} s |
i critica
jcotlapse| ' heat flux.g !
I in the | c\/ X Gman |
10® |- ! liquid | , : E
1 | I |
I | I I
I | I I
b 1 | | | |
S VA :
- 5
i B | |
E | B | |
| 1 | |
= I | I I
I | 4
10 I I Bubbles | D e L.
Al : i 1o : : Leidenfrost point, Genin
I | free surfacel |
| | | |
| | | |
1 1 | ]
l{}:{ 1 L1 | 1 | |
1 ~5 10} ~30 100 <120 10060
T - T
CXOCES

S. Nukiyama, The maximum and minimum values of the heat Q transmitted from metal to boiling
water under atmospheric pressure. Int. J. Heat Mass Transf., 9 (12) (1934), pp. 1419-1433 4176
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B Find: bubble dynamic behaviors during the pool
boiling.

Solution:

Continuity, momentum and energy equation for
pooling boiling heat transfer?

The governing equations for pool boiling phase
change heat transfer is a little different from the
original NS equation. Equations for multiphase flow
IS required. We will study background information of

multiphase flow and then derive the equations.
5/76
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1). Background of Multiphase flow

Multiphase fluid flows are ubiquitous in natural, scientific and
engineering systems

A phase refers to gas, liquid or solid state of matter. A multiphase
flow i1s the flow of a mixture of phases such as gas (bubbles) in a
liquid, or liquid (droplets) in a gas, and so on.

Same component (BAZH4r 2 4H)

Liquid water and water vapor system

Multiple components (24422 4H) :

Small density: water and oil system

Large density ratio: water and air system 6/76
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6.65e+00
6.32e+00
5.99e+00
5.66e+00
5.32e+00
4.99e+00
4 66e+00
4.32e+00
3.99e+00
3.66e+00
3.33e+00
2.99e+00
2.66e+00
2.33e+00
2.00e+00
1.66e+00
1.33e+00
9.98e-01

6.65e-01

3.33e-01

0.00e+00

Droplet spread( Ki#&{&#%) , provided by PhD
Meng-Yi Wang from NHT group

7176
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90% M &

30% X &

5% M [&

1.5% X &

a
. 113 O% Nﬂﬁ

, OF it

o T

—

8/76
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2). Fundamental definitions

Surface tension: refers to the tensile force exists at the phase
Interface separating two fluids, due to a mutual attraction
between molecules near the interface

unit: N/m Typical value: water-air: 0.0725 N/m

91GIF.COM

Water striders stay on top of water

Lotus effect (i H-Z5(5)
(kW LRk &) 9/76
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Contact angle

measurement of the surface wettability. The angle of the triple-
phase line. Hydrophilic surface (387K) with angle less than 90,
liquid tends to spread. Hydrophobic surface (Ei7K) with angle
higher than 90, liquid tends to form droplet. Neutral surface
(R ) with angle as 90.

0>90° 6=90"° 0<90°

sssssss

10/76
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Capillary pressure

pressure difference across a phase interface, related to the
surface tension force

gcosf
PC:P]_—Pz: » p]_ p2

Because of the capillary

pressure, a liquid can flow In
b 2y cos 6

pgr

narrow spaces without the

assistance of, or even In

opposition to, external forces

like gravity. BHO . ﬂﬁy e
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3). Different methods for multiphase flow
Macroscopic

Volume of Fluid (VOF) AR a8 }VOSET

Level Set (LS) 7K~P4RE by NHT group
Phase-field {35 7 %

Front tracking B ¥ EREE F B

Mesoscopic
Lattice Boltzmann Method, Smooth Particle Hydrodynamics

#¥FBoltzmann 53k, YRI5k
Microscopic

Molecular dynamics (4Fzh71%) 12/76
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FHEALY

<)

4) . VVolume of Fluid (VOF)
Proposed by Hirt and Nichols in 1981.

JOURNAL OF COMPUTATIONAL PHYSICS 39, 201-225 (1981)

Volume of Fluid (VOF) Method for the
‘Dynamics of Free Boundaries*

C. W. HIRT AND B. D. NICHOLS

Los Alamos Scientific Laboratory, Los Alamos, New Mexico 87545
Received November 1, 1979

Volume of fluid (WOF) method for the dynamics of free boundaries
CW Hirt, BD Michols - Journal of computational physics, 1981 - Elsevier

Several methods have been previously used to approximate free boundaries in finite-
difference numerical simulations. A simple, but powerful, method is described that is based
on the concept of a fractional volume of fluid (VOF). This method is shown to be mare flexible ..

o 9V HS|FME: 12538 EENE AT EE

13/76
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Volume of fluid ({Ef4%) : basic variable in VOF

The volume fraction of each fluid in a computational cell

C, =-_n C. =1
Vcell Z

For two-phase flow: primary phase (F#H) and
secondary phase (k#H)

C, =1 Thecellis filled with the primary phase
C, =0 The cell is free of primary phase

C, €(0,1) The cell is partially filled with primary phaﬁ/e76
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Schematic of 2D two-phase flow system .
C Is a scalar.

|
0.3 0.03 {I 0.0
|
[mg T
' L

C,=1 Thecellis filled with the primary phase

C,=0 The cell is free of primary phase

C, €(0,1) The cell is partially filled with primary phalgle76
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Governing equation of C

The change of C is due to the flow in/out of the corresponding
phase into a cell.

C Is evolved according to local velocity obtained from solving the
N-S equations
oC

ot

Unsteady term Convection term

~+u-VC_ =0

Convection-diffusion type equation

The two phases are not soluble (H¥%¥) , so there is no diffusion

term. When there is chemical reaction or phase change, source

term Is not zero 16/76
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The governing equations for single phase flow with
VOF

Surface tension force

a(p)
ot +V-(pu) =0 W

ﬁ(ath) +V-(puu) =-Vp+V - [u(Vu+Vu')]+ pgHF
8§tm -VC, =0 %
F =20k PVG
p=Cp+Cipy  u=Cuy+C,u, (o + py)

Two-way coupled with each other
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Contlnuum surface force (CSF) model
The form of volumetric force (A J3, N/mM3) s
required in NS equation. However, surface tension force
IS a kind of surface force, rather than volumetric force.

v" Smooth C

» VOF In fact Is a sharp-interface

=)

model.

> The thickness of the interface Is
Zero.

» The fluid property Is sharply
changed from 1 to O across the
Interface. 18/40
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In microscopic, however, the interface Is not sharp, it
has a finite thickness, for example, of a few nanometers.
Therefore, transition from phase 1 to phase 2 is smooth.

The purpose of smoothing C i1s to make C changes
gradually from 1 to O.

A . / )
C Water

= o
2 = 9
J S N —
|
|
|
| |
| |
|
\\ |
\\I
~~
|
| \
| 1 1
|
1
|
|
|
3\4 e
|
I
L

Jro e - — i w————

C=05

i Gas
a b f 19/40
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The following function Is adopted to smooth C

. Z Cm i K(Ir (‘ ) o/ o | oo o
Smoothed one m,n
e | 6 o o o
& _ _ o o o0 o

Control the thickness of the interface! 3A )
o o ® o o

-

') o o oo o

Distance between two points (i,J)) and (m,n)

2.0

K Smooth integration kernel

1.6 F
14F

(40/7;;;)(1- 6(r/c) +6(r/5)3) (rle<1/2) T
K(r,e)=1(80/77)(1-7/¢) 12<r/e<l) o5
0 (F/S > 1) 0.2:

0.0 1 i 1 L
0.00 0.25 0.50 0.75 1.00 1.25 1.50
r/e
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n=vVC o P
‘ 71 i
interface mean curvature N N S
! '/ S m
k = V . (—~I) / \
|VCI | 0.25| —
7
pressure in the transition regionis ° pya b
P, =P, +0k(C,-C,)=P,+0kC,
V(P —P)= _ VC
F~V(P,—P,)=V(ck(C,-C,)) E— 25k Y™
=okVC (pl + pg)

Suppose local k Is constant. 21/40
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How to solve the VOF equation?
oC_

+u-VC_=0

ot
Conservation form < =
oC_
ot

+V(@uC_)=0

(1). This iIs a convection-diffusion equation without diffusion
term, and can be solved using schemes introduced in NHT.

However, because C is not a continuous function. Such method
may result in false diffusion, leading to gradually increasing

thickness of the interface.
22/40
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(2) . Reconstruction method

Step 1. Interface reconstruction

For a value of C in a computational cell, the pattern of interface
should be determined first.

For example, for C=0.5, the interface may be as follows.

Then which one is the right interface? s
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There are totally 16 kinds of interface pattern,

depending on local C and normal direction (nx, ny)

1. nx>0, ny>0 L

‘2.nx>0,ny<0

rotation
‘3.nx<0,ny<0

translation
| 4. nx<0, ny>0

mirroring

24140
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Normal direction of the interface

"~/ "~/

n,=(Cpoju+2C;n,; +Cruy 11 —C

i+1, j+1 i+, ] =1 i1 4+l

o 251‘—1,] o 6;1'—1,1—1 ) [ 6x

"~/ "~/

n' = (5 +25 +C. C

i+1, j+1 i,j+1 i=Ljdl il -l

"~/

~ 2Ci,j—l - Ci—l,j—l)/ay

Interface normal direction
= |Interface Is reconstructed!

Volume of fraction B

For example, for C=0.5, nx=0, ny=1

3

140 «
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Normal direction of the interface

"~/ "~/

n,=(Cpoju+2C;n,; +Cruy 11 —C

i+1, j+1 i+, ] i4lLj-1 -1 j4

o 251‘—1,] o a—l,j—l ) [ 6x

"~/ "~/

n' = (5 +25 +C. C

i+, j+1 i,j+1 el gl gl gl

"~/

~ 2Ci,j—l ~ Ci—l,j—l)/ay

e

Interface normal direction
= Interface Is reconstructed!

Volume of fraction

For example, for C=0.5, nx= \/§ [ 2, ny= \/5 /2

3 4

140 «
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By the reconstruction scheme, the phase interface Is
determined in each computational cell.

Piecewise linear interface calculation (PLIC)

The smooth interface is approximately described by a

set of lines.

=

D.L. Youngs, Time-dependent
multi-material flow with large
fluid distortion, Numerical
methods for Fluid Dynamics, 1982,
24(2), 273-285

27140


/
/

CFD-NHT-EHT
CENTER

Step 2. Interface advection in a given velocity field
Based on the reconstructed phase interface, calculate
the variation of C according to local velocity filed, and
then update the C for next time step.

Taking 1D interface as example.

<< AX >
U
— >
1+1
C..=1 _ =
- G Cina=0 28/40
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-1 i i+1
The volume that flows from -1 to11s
Fi-1/2 — ui-l/ZAt

The volume that flows from 1 to 1+1 Is

0 U..,,At < (1—C,)AX
Ui,gpAt—(1-C)AX U, AL > (1-C;)AX

F.io =9

Total volumeis  CF** =Ci+(F , —F.0)/Ax
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CFL condition

Cit+At =C/ + (F_y; — Fiu2) / AX

\ l
!

Counrant number YAt [ AX
Because C should be smaller than 1, thus UAtL / AX

also should be smaller than 1. This Is the CFL
condition.

Therefore, during the numerical simulation, the time
step should be sufficiently low that the CFL condition

IS satisfied, or the Counrant number <1. 140
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ot

oC

Y+u-VC

192
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S, =-S5, =a,p,

\Y

sat

for condensation (T > T)

T - Tsat
T

sat

for evaporation (T_, < T)

S, =-35, =P

W.H. Lee, A pressure iteration scheme for two-phase flow modelling, in: T.N. Veziroglu (Ed.), Multiphase
Transport Fundamentals, Reactor Safety, Applications, Hemisphere, Washington, DC, 1980, pp. 61-82.
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aéf) +V-(pu) =0

ﬁ(aptu) +V-(puu)=-Vp+V - [u(Vu+Vu' )]+ pg+F

8(p§pT) +(U-V)(pC T)=V(AVT) +Sh

oG FU-VC, = S
ot Yo,
oC, | S,
ot o

32/40
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2 Process of simulation

2.1 Launch ANSYS Fluent

E Fluent Launcher

Dizplay Ophions
Dizplay Mesh After Beading

Embed Graphics Windows
Wwarkbench Calar Scherme

[ Show More Dptions

- a _

Fluent Launcher

Options
Double Precizion

Processing Options

(@) Serial
() Parallel

LCancel Help -

CFD-NHT-EHT
CENTER

B Choose 2-Dimension
B Choose Display Options
B Choose Double Precision

B Choose Serial Processing

33/35
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2.2 Read the mesh
File - Read—Mesh

File [Mesh Define Solve Adapt Surface Display Report Paralle El.li].[lil'll_:l L.

Read H Mesh... ~[]~ mesh

Write > Case.. | materials,

Import H free I interface,

ER— y Case & Data... i domains,

Export to CFD-Post.. PDF... ity Zones,

Solution Files... S sl | water

nterpolate... LS L gd1

FEll Mapping y View Factors... WEI].]. .

d1lr-1n

Save Picture.., Profile... air-out

Data File Quantities... Scheme... :i_l'lt_'F]_l_I:i_l]

Batch Options... Journal... fluid

Exit 3d1-1 : Done.
;nl:uTLlntLi:::Initializati-:nn N - modelt P”'ts--- . .
Calculation Activities 3d1 - FI"E']-E“"ll'Ig mesh for dlEI]].-El_u =
Run Calculation Help 18.10.95 Done.

Results

Graphics and Animations

34/35
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2.3 Check the mesh

General—Mesh—Check

5355
281 $8355330 BAEEEEEE
364 B 10 B9 BERHE50 4 B RO
i HEE R R E R

HHHIHHE
I

0 10 (m)

Mesh Check

Domain Extents:

¥—-coordinate: min {(m) = -3.3000008e+02, max (m) = 1.170000e+83

y—coordinate: min {m) 0.000000e+0A, max {(m) = 3.000000e+082
Uolume statistics:

minimum volume {(m3): 2.S00000e+01

maxXimum volume {(m33): 2.500000e+01

total volume {(m3): 4_500000e+05

Face area statistics:

minimum face area (m2): S.00000de+00

maximum face area {(m2): 5._800000e+00

Dg:gfking MEeSh . o e 35/35
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2.4 Scale the domain size

General—Mesh—Scale

Scaling

'% Specify Scaling Factar%

General :
L= Domain Extents
Scale... Chedk Report Quality ¥nin (m) |0 |¥max (n) o |
Display... Tain (m) [0 |Tmax (m) [25 |
Salver

View Length Unit In

I Velocity Formulation |m LI
(g)p:ressure-ﬁased (®) Absolute
() Density-Based () Relative

Time

() Steady
(®) Transient

m Choose Specify Scaling Factor

m Convert the unite from m to mm.

Scaling Factors

¥ 0. 001

T0.001

|Scale|

|Unscale|

36/35
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2.5 Choose the solver

General—Solver

Solver m Choose Transient
elocity Formulation - -
%p:ressureﬁaszd %Ab?nite ; The dynamIC behaviors of
Density-Base Relative
bubble is to be studied.

Time:
(™ Chmnd

aent .
| Orosrt m Select Gravity

[ Gravity | Units. .
Gravnﬁhnn.al Acceleration L] Wr I te _9 . 8 I N the
X (m/s2) ||EI ! - -
vk o P Gravitational
e F Acceleration box
P
of Y.

Density-based method cannot be used for VOF. .
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The velocity formulation resulting iIn
most of the flow domain
having the smallest velocities Is
recommended, thereby reducing the
numerical diffusion in the solution and
leading to a more accurate solution.

CFD-NHT-EHT
CENTER

Velocity Formulation
(®) Absolute

() Relative

B The absolute velocity formulation is preferred in

applications where the flow in most of the domain is

not moving (for example, a fan in a large room).

B The relative velocity formulation is appropriate when

most of the fluid in the domain is moving, as in the

case of a large impeller in a mixing tank.

38/76
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2.6 Choose the models
Solution Setup—Models

Meshing Models R
Mesh Generation Models
Solution Setup i
. Models General
Meshing oy
Mesh Generation Models r::;::;:ls Model Nympber of Eulerian Phases
Solution Setup Multiphase - Volume of Fluid Cell Zone Conditions ) Off [z ] =
General Energy - Off Boundary Conditions (®) Volume of Fluid
Lo Mesh Interfaces (2 Mixture
Materials Radiation - Off Dynamic Mesh () Eulerian
Phases EJ Viccous Model 5 Reference Values Wet Steam
iy Solution 3
Cell Zone Conditions ) Coupled Level Set + VOF
Boundary Conditions Model Solution Methods | [JLevel set
L Solution Controls
Mesh Interfaces () Inviscid Moni
_ : onitors Options
Dynamic Mesh | ®) Laminar | Solution Initialization
Reference Values (_) Spalart-Allmaras (1 eqn) Calculation Activities Scheme [ open channel Flow
Salution () k-epsilon {2 egn) Run Calculation Explicit ] [ open Channel Wave BC
Results Implicit [[] Zonal Discretization
Solution Methods Q k_ﬂme_ga (2 eqn) ) .
Solution Control () Transition k-4d-omeaga (3 eqn) Graphics and Animations
ollton Lontrols O Transition S5T {4 egn) Plots Volume Fraction Cutoff
Monitors
Solution Initialization () Reynelds Stress (7 eqn) Feperts || i |
. . () Scale-Adaptive Simulation (SAS)
Calculation Activities . . Courant Mumber
) () Detached Eddy Simulation (DES)
Run Calculation - ) ||D-25 |
| () Large Eddy Simulation (LES)
Results | ST
Graphics and Animations
Plots Ok Cancel Help ) F
Reports
P I Implicit Body Faorce —I
Ok Cancel Help

m Choose Volume of Fluid as Multiphase Model
39/35
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2.6 Choose the models
Solution Setup—Models

Tree Tazk Page £
Filter Text Hodels
w ﬁ Setup
E General Models
L [=]
B Models Multiphase - Volume of Fluid
~ B Multiphase (Volu...
> HBE Phases ]
BY Phase Interact... Energy <
B5 Energy (Off) Enerzy

Radiation (Off)
Heat Exchanger (...
Species [(Off) | Cancel | | Help |
Discrete Phase (...
Solidification & ...
Acoustics (Off)

> &b Materials
Edit...
» B Cell Zone Conditions

> P% Boundary Conditions

=] Dynamic Mesh
& Reference Values
w Solution
5 Methods
#° Controls
b Report Definitions

BRERBEREB

m Select to open Energy Equation
40/76
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2.6 Choose the models

Model MNuymber of Eulerian Phases
(I Off “ =
(@) Volume of Fluid =
D Mixture
() Eulerian

Wet Steam

Coupled Level Set + VOF
[JLewvel set

Volume Fraction Parameters

Scheme

Options
[Jopen channel Flow

(@) Explicit [[] open Channel Wawve BC
() Implicit [] Zzonal Discretization

Volume Fraction Cutoff
| 1e-06

Courant Mumber
||:|. 25

Detault

Bodw Force Eormulation
Implicit Body Force

QK

Cancel Help

=

CFD-NHT-EHT
CENTER

Large body forces (for example,
gravity or surface tension forces)
are included.

Body force and pressure
gradient are almost in equilibrium.

Implicit body force is adopted to
Improve solution convergence by

accounting for the partial
equilibrium of the pressure
gradient and surface tension
forces.

41/35
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Forces in VOF

Multiphase flow is controlled by a set of forces.

Inertial force Viscous force
\ \ Body force

{ \ { \
09+ 20k pVE
(o +py)

d(pu) +V-(puu) =-Vp+V-[u(Vu+Vu')]
Y

R

Pressure gravity || Surface

tension

* Here surface tension force is converted to body force using CSF. force
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Solution Setup— Materials—Create/Edit Material

B Create water-liquid

Task Page % Create/Edit Materials b
. Order Naterials b
Naterials Hame Material Type @ Hone v
Materials [water-liquid |[fluid B
Chemical Formala Fluent Fluid Materials
Fluid [h2o<1> |[vater-1iquid (h2o<1>) =] | Fluemt Database...
water-liquid Mixture
water-vapor [pone -1
air Properties
Solid Fluent Database Materials x
aluminum
= Material Type
Fluent Fluid Materials [1/563] | E‘lﬂmd |

vinyl-silylidene (h2cchsi)
vinyl-silylidene (h2cchsih)

Order Waterials by

@ Nane

() Chemical Formula

vinylidene-chloride (ch2ccl?)

water-liquid (h2o<[>)

T i

[Copy Materials from Case... | |

Delete |

Properties

Create/Edit... |[ D

Froperties

Density (kz/n3)[constant

Cp (Specific Heat] (j/ke-k) [constant

Thernal Conductivity (w/n-k)| constant

[view...
[998.2 |
[view... ]
[4182 |
| [ien.. ]
e \
[view... ]

Viscosity (kg/n-s} constant

0. 001003

Standard State Enthalpy (j/kgmal)

Reference Temperature (k)

Tizcosity (hefm—=]

| constant

Jid [ ST I

|0.001003

Molecular Weight (kg;’kmol)|c0nstant

18. 0152

~||Edit...
|

constant LI Edit...
al I
constant

|| Edit. ..

Click Fluent Database
Choose water-liquid
Set Standard State
Enthalpy to 0

Click Copy

43/76
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2.7 Define the materials
Solution Setup— Materials—Create/Edit Material

B Crea

te water-vapor

Task Pag x Create/Edit v X
Order Materials b
Naterial Hane Material Type @r ]:ma erials by
Matorial [water-liquid |[fLuid 1 0 Chemical Formila
Chemical Formula Fluent Fluid Materials
Fluid [h20<1> |[water-liquid (h2e<l>) | Fluent Database. .
[ NMizture
water-vapor ‘mm J
alr Properties
Solid Fluent Database Materials *
aluminu m
= Material Type
Fluent Fluid Wateriale [1/663] E E‘ﬂmd g
vinyl-silylidene (h2cchsi) 4| Order Materials by
vinyl-silylidene (h2cchsin) 8 g;’“ | Formil
emical Formula
vinyl-trichlorosilane (sicl3ch2ch)
vinylidene-chloride (ch2ccl2)
‘water-liqui 0<[>])
water-vapor (h20)
|
A58, . . ‘ | UELE!E ‘
Density (kg/n3) [constant Z[wie ] 2
[0.5542
Cp (Specitic Heat) (ifke-k) [piesewiss polymonial ~|[Fiew. . ]
Thernal Conductivity (wa-k) [constant [iev. ]
[0. 0261 |
Create/Edit. .. Viscosi ty (kg/nes) [constant j‘ Wiew. .. |
[1.3¢e-08
Help
Froperties
Wizcozity (kg/m—s)|[constant ~JIEdit... N

Standard State Enthalpy (37 kzmol

[1. 34205

Molecular Weisght (kg)’kmol)lconstant

~||Edit...

[18. 01534 |
! E— ]| Edit. ..
2. 90923e7|

Feference Temperature (k)lconstant

]| Edit. ..

[295. 15

Click Fluent Database
Choose water-vapor
Set Standard State
Enthalpy to 2.9923e7

4. Click Copy

The difference between the
Standard State Enthalpy of
two phases is the latent heat

of phase change.
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2.8 Define the phases

Solution Setup— Phases
B Choose water-liquid as Primary Phase

B Choose water-vapor as Secondary Phase

v B Models

v B Models Flid % ulthase (o Fluid
v ultiphase (Volu... -
v & Multiphase (Volu.. o water-liquid
- Php Vo water-liquid v B Phases —
v ases Water-vapo
water-vapor B phase-1-.. air
air Solid
B phase-2 - ... , T ,
P Solid B E o aluminum
BS Phase Interact... Auminum nergy (On)
oy .
g Energy (On) E: szc?oqs (Laminar)
0o , B Radiation (Off)
% Viscous Laminar) n Pfimaf}f Phase X B8 Heat Exchanger (...
B Radiation (Off) 8 Species (Off) & Secondary Phase
B Heat Exchanger (... fene > B Discrete Phase (.. ||| fane
% Species (Off) phase'! B Solidification & ...

+ B Discrete Phase (..

FPhase Materfal [water-liquid

]

B Acoustics (Off)

Eire

| |
mm’

v & Materials
B Solidification & ... > B Fui |
B Acoustics (Off) M ‘Delete ‘ ‘Cancel ‘ ‘Help ‘ 5 B solid | Delete | |Cancel| |Help |

v & Materials

P S A

Lo e e P
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2.8 Define the phases

Define surface tension force
1. Click Interaction

v B Models
v BB i
B ullphase (Volu... water-liquid

« 8 2. Click Surface Tension

air

Fluid

B Viscus {Laminar) SO!{Ijuminum 4 -
# fodiaton O 3. Select Surface Tension
B Heat Exchanger (... @

Phase Interaction X

Force Modeling

Z| Surface Tension Force Hodelingé
=T Idhesion Options
1] gl

@ Continum Surface Forcs

4. Choose Continuum

Surface Tension Coefficients m

e e : | Surface Force and Wall
Adhesion

5. Choose constant and
write 0.0725
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2.8 Define the phases

Define phase-change model
1. Click Interaction

v B Models Fluid &

v B Multiphase (Volu... o 2 CI k M
water-liquid
e Im q [ ] IC aSS
water-vapor
Phase Interact...

air

]

m AT .

B8 Viscous (Laminar) so!ﬁuminum 7 3 . C hange N U m be r Of M aSS
BS Radiation (Off)

BS Heat Exchanger (... &,

x Transfer Mechanisms to 1

e 4. Select Mechanism as

FPhase Mechanism

<[ [vmperationsomismsation<|[mv evaporation-condensation

5. Set Evaporation and

Evaporation-Condensation Mode *
Lee Model
I—

fﬂ‘f?llporation Frequency | COndensatiOn Freq uenCy to 0-1

Condenzation Frequency

[0.1 |

6. Set Saturation Temperature to

Evaporation—Condensation Properties
Saturation Temperature (k) - Wi

| |constant ;I Edit...
373,15 373 . 15

47176
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2.8 Define the phases
phase-change model: Lee Model

S, =-S5, =a,p,

Vv

T

sat

for condensation (T,

>T)

at

oC. .
+U°VCV=SV SV:_SlzalplTTTsat

sat

<T)

for evaporation (T,

at

Simplified model with phase change defined such that
saturating conditions at the interface can be achieved.
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2.9 Define cell zone conditions

Solution Setup— Cell Zone Condition —QOperating Conditions

bl Cell Zone Conditions _yl

=7 RGE o oo - -
¥ eny Cono. || ; Specified operating density
=] Dynamic Mesh | J| Jl—l |
@ Reference Values | || |
Solution Copy... ||Profiles... . ]
® Methad: opereting Comttions . | Set the operating density to be
[=] Report Definitions

the density of the lightest phase.

Operating Conditions ped

Frezszure Gravity - -

T Here input the density of the

|IDI325 - |E Gravitational Acceleration

HRif?jEnEEEPressure Location ||E| X (mfs2) |D ||E

i ¢ e o = | water-vapor.
T (n |0, 025 | [F] = -
= " | Boussinesa Paransters Variable-Density Parameters

Operating Temperature (k)
288. 16 [ | Gpecified Operating Den=ity
Variable—Den_sity Par—a.meters
Specified Operating Density [jpera-t lr.l.g DEHSlth {kg,.'lrmg:l
perating Density (kz/m3)
!D. B54 [ . 5h4d |E|

X 49/76
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2.10 Define the boundary conditions
Solution Setup— Boundary Condition

| Y B For the boundary on both
Edit. .. | [Copy... ||Profiles... | 3|des’ defme Symmetry

| Parametera... | - —
| Operating Conditions... |

|Display Mesh... | Condltlon
w B For the outlet, define

Fhaze Tvpe
|mi:-:ture jlpressure—nu‘tle‘t o |11 |

] e pressure outlet
| B Set backflow temperature

|Displa§r Nezh. ..

Pressure Outlet X Pressure Outlet X
Tone Name Phaze Zone Name Phaze
|wa111 ‘ ‘mixture | |walll | |mixture
Momentum Thermal Momertum I Thermal I
Gauge Pressure (pflscal) |D || tant, j Backflow Total Temperaturef (k) |3?3 ||cu hetant j
D :loAr T ) 0 L RS RR E:) HE
Backflow Direction Specification Method|N0rmal to Boundary j
Backflow Pressure Speciflcat10n|Tota1 Pressure j
o
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2.10 Define the boundary conditions

For the bottom surface, Define contact angle

Phaze Type ID

|mi:-:ture j|wall j|11 |

| Edit... | |[copy... |[Profiles... | B Choose wall as Type
| Parameters..

: | |0pera‘ting Conditiona. .. |

[DispLay esh... | B [nput value of the contact

B angle 120° for adiabatic wall,

MMMMMM

10° for high temperature wall.

B The angle is measured by

eeeeeeeeeeeeee

(O Farangoni Stress
Wall Roughness Va. O r h e re
D T '
: fonstart ]
Wall Adhesi
ttttttttttt tdeg)
“pha e-2 H | | |[eonstant j‘

Wall Adheszion
Contact Angles (deg)

|phase—2 ||phase—1 | 1] constant j

51/35
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2.10 Define the boundary conditions

For the bottom surface, Define heat boundary condition

aaaaaaaaaaaa

Thermal Conditions
Temperature (k] 573.15 congtant -
® Tempered.:ure Wall Thicknesz (m} |0 [
Convectilon
O Radiatiomn Heat Generation Rate (w/m3) |0 constant -

() Wiwad

W For the adiabatic wall, set

heat flux to zero.

B For the high temperature

wall, set temperature to
573.15 K.

52/35
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2.11 Choose the solution methods

Solution — Solution Methods
Solution Methods B Choose PISO (Scheme)

Mesh Generation Pressure-Velodty Coupling

Solution Setup

E— . M Choose Green-Gauss
- Cell Based (Gradient)

Vies 5 -
o ues | | ESteness tghoor Couping B Choose Body Force
- Spatial Discretization
olution Method Gradient -
Solution Control Green-Gauss Cell Based V We I g h ted (P reSS u re)
Monitors Pressur e
Snluti-:un.IniﬁaIiz_ tl Body Force Weighted -
lcul
s Calcdaton || Mementum B Choose Second Order
Results Second Order Upwind o
Graph d Animati Valume Fraction -
l e 1 Upwind (Momentum)
o comeconry OWinN omentum
|
B Choose Geo-Reconstruct

First Order Implicit e
|:| Mon-Tterative Time Advancement

i e Ve cioentn [ (Volume Fraction)

Default

53/35
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The Pressure-Implicit with Splitting of Operators (P1SO)

The PISO also belongs to the family of SIMPLE.

There are one time of prediction step (Fif) and correction
step (B81E) in SIMPLEC.

Prediction step: determine u* and v* based on u® and v°

Correction step: solve pressure correction, obtain u and
v that satisfying the Mass Conservation Equation.

In PISO, two times of correction steps are conducted,
thus improving the convergence.

PISO I1s recommended for transient problem.

4/ 10
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2.11 Choose the solution methods

Solution — Solution Methods
Solution Methods B Choose PISO (Scheme)

Mesh Generation Pressure-Velodty Coupling

Solution Setup

E— . M Choose Green-Gauss
- Node Based (Gradient)

Vies 5 -
o ues | | ESteness tghoor Couping B Choose Body Force
- Spatial Discretization
olution Method Gradient -
Solution Control Green-Gauss Cell Based V We I g h ted (P reSS u re)
Monitors Pressur e
Snluti-:un.IniﬁaIiz_ tl Body Force Weighted -
lcul
s Calcdaton || Mementum B Choose Second Order
Results Second Order Upwind o
Graph d Animati Valume Fraction -
l e 1 Upwind (Momentum)
o comeconry OWinN omentum
|
B Choose Geo-Reconstruct

First Order Implicit e
|:| Mon-Tterative Time Advancement

OZ lux Formulatio -
e e oo (Volume Fraction)
Default
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Gradient calculation

1. Green-Gauss Cell-Based (#$#k- BT HALHE)
2. Green-Gauss Node-Based (##k- 5 B335 k)
3. Least-Squares Cell Based 2T oA BB/ Tk

It Is the default scheme for gradient calculation.

The former two are based on Green-Gauss Theory

<v¢>_—jv¢dv_—j¢ ndS=> ¢ -nS

Ve Ve

The least-square cell based iIs based on

N 6. op. o9
BE Z{ (Q — o — { AX +— Ay, +— Az D }
= % o 56/68
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2.11 Choose the solution methods

Solution — Solution Methods
Solution Methods B Choose PISO (Scheme)

Mesh Generation Pressure-Velodty Coupling

Solution Setup

E— . M Choose Green-Gauss
- Node Based (Gradient)

Vies 5 -
o ues | | ESteness tghoor Couping B Choose Body Force
- Spatial Discretization
olution Method Gradient -
Solution Control Green-Gauss Cell Based V We I g h ted (P ress u re)
Monitors Pressur e
Snluti-:un.IniﬁaIiz_ tl Body Force Weighted -
lcul
s Calcdaton || Mementum B Choose Second Order
Results Second Order Upwind o
Graph d Animati Valume Fraction -
l e 1 Upwind (Momentum)
o comeconry OWinN omentum
|
B Choose Geo-Reconstruct

First Order Implicit e
|:| Mon-Tterative Time Advancement

OZ lux Formulatio -
e e oo (Volume Fraction)
Default
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Pressure calculation

1. Linear scheme
2. Standard scheme
3. Second Order

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

FReaEE) or LS (Level Set, 7K3FE4R): recommended.
v For porous media: not recommended!
5. PRESTO! (Pressure Staggering Option) scheme

For problem with high pressure gradient. 58/68
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2.11 Choose the solution methods

Solution — Solution Methods
Solution Methods B Choose PISO (Scheme)

Mesh Generation Pressure-Velodty Coupling

Solution Setup

E— . M Choose Green-Gauss
- Node Based (Gradient)

Vies 5 -
o ues | | ESteness tghoor Couping B Choose Body Force
- Spatial Discretization
olution Method Gradient -
Solution Control Green-Gauss Cell Based V We I g h ted (P reSS u re)
Monitors Pressur e
Snluti-:un.IniﬁaIiz_ tl Body Force Weighted -
lcul
s Calcdaton || Mementum B Choose Second Order
Results Second Order Upwind o
Graph d Animati Valume Fraction -
l e 1 Upwind (Momentum)
o comeconry OWinN omentum
|
B Choose Geo-Reconstruct

First Order Implicit e
|:| Mon-Tterative Time Advancement

OZ lux Formulatio -
e e oo (Volume Fraction)
Default
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Solving methods for VOF equation

The geometric reconstruction interpolation scheme
recommended when time-accurate transient behaviors
of the multiphase are required. In other words, it can
accurately predict the sharp interface. This scheme is
the most accurate and Is applicable for general
unstructured meshes.

Modified HRIC, Compressive, and CICSAM schemes
are less computationally expensive than the Geo-
Reconstruct scheme, the interface between phases will
not be as sharp as the geometric reconstruction
Interpolation scheme. 60/76
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2.12 Define the monitors
Solution — Monitors
B Define the Residuals Monitor and write 0.0001 in
the Absolute Criteria box

Meshing Monitors
Mesh Generation Residuals, Statistic and Force Monitors
Solution Setup
General £ Residual Monitars
Models
Materizls Options Equations
Phases 3 3 L T
el oo Conditions Print to Consale emdeal. Monitor Check Convergende Absolute Criteria
Boundary Conditions Plot UL 0.0001
Mesh Interfaces Window 3
Dynamic Mesh 1 < w-velocity 0.0001
Curves... Axes...
Reference Values -
y-velodty = = 0.0001
Solution Iterations to Plot
. Fe
Sclution Methods 1000 - Residual values Convergence Criterion
SeferereEytrols
[ Mormalize Tterations absolute -
ializati 5 =
ou un. ke @a_ .nn Iterations to Store bl
Calculation Activities <
Run Calculation 1000 - Scale
Results [ ] compute Local Scale
Graphics and Animations
Plats QK Flot Renormalize Cancel Help
Rennrts

61/35
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2.13 Initialization

Solution — Solution Initialization

Filter Text

& phase-1
& phase-2
7€ int_fluid (interio...
v J% out (pressure-o...
& phase-1
& phase-2
PE walll (symmetr...
PE wall2 (symmetr...
=] Dynamic Mesh
@ Reference Values
hd Solution
% Methods
#" Controls
Report Definitions
Monitors
Cell Registers
Y., Initialization

alculation Activities
'-,.; Run Calculation
v @ Results
v ) Graphics
& Mesh

b Contours
@A rantane1

Solution Imitialization
Initialization Methods

() Hybrid Initialization
@ Standard Initialization

Compute from
| all-zones 'll

Reference Frame
@ Felative to Cell Zone
() dbzolute

Initial Values

Gauge Pressure (pa=zcal)
0
¥ Velocity (mf=)
0
T Velocity (mfz)
o
Tepnerature 3
373
phaze—2 Volume Fraction
0
Initialize |||Eezet ||Patch...

| Fezet DFM Suurces| ‘Reset Statistics|

B Choose Standard
Initialization

B Choose all-zones

B Write 373

B Click Initialize

62/76
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2.14 Run calculation

Solution — Run Calculation

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Monitors

Solution Initialization

. -
I tun Caloulation

Results

Graphics and Animations
Flots
Repaorts

Run Calculation

Check Case... Preview Mesh Motion...
Time Stepping Method Il'lme Step Size ()
Fixed v || 1e-07 b
settings... Mumber of Time Steps
|| 500000 =
Options

[ ]Extrapolate variables
[ ]Data sampling for Time Statistics

1 F
| « | | Sampling Options...

—

ax Iterations/Time Step | Reporting Interval

20 Sl =

Frofile Update Interval

1 .

-

Data File Quantities... Acoustic Signals...

Calculate

CFD-NHT-EHT
CENTER

Write Number in Time
Step Size box

Write Number in Number
of Time Step box
according to situations
Write Number in Max
Iterations according to
situations
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2.14 Run calculation

B Time Step Size(s) sets the magnitude of the (physical)
time step At. Courant number < 1 should be satisfied.

B Number of Time Steps sets the number of time steps
to be performed.

B Max Iterations/Time Step sets the maximum number
of iterations to be performed per time step. If the
convergence criteria are met before this number of

Iterations Is performed, the solution will advance to
the next time step.

64/35
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3 Results

t=0s

Fig.2 vapor behavior

65/76
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3 Results

Fig.4 Other boiling

Fig.3 Boiling process results from FLUENT
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Computer-aided project (3) of NHT-2021, XJTU

Known: Natural convection of air in a square filled with porous
media. The left wall is with high temperature, while the right
wall 1s with low temperature. The bottom and top walls are

adiabatic.

Find: effects of porosity,

permeability, effective
T,=320K 1,=300K  thermal conductivity and
Adiabatic(Za#) Gr number on the velocity

field, temperature field
and Nu numbers.

0.1m
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There is not a winter that does not pass,
There is not a spring that does not come. 68/76
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People in the same

boat help each
other to cross to the

fﬁcither bank, where....
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