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1. INTRODUCTION

The exercise will show how to model steam condensation on a flat horizontal plate.
Modeling phase change phenomena (condensation, evaporation) is very difficult. In this
exercise, one of the condensation models called Wall Condensation Model [1] will be
presented. A mixture of saturated steam and air (non-condensing gas) flows around a flat
plate at 90 °C at a speed of 0.1 m/s. The temperature of the mixture is 100 °C and the mass
fraction of steam is 95%. In order to reduce the calculation time, the case will be modeled
as two-dimensional. The diagram of the analyzed case is presented in Fig. 1.
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Fig. 1. Scheme of the issue of condensation on a flat plate



2. TWO-DIMENSIONAL CONDENSATION ON A FLAT PLATE
2.1. GEOMETRY

Do the following:

1) Open Ansys Workbench and save project as ExNo4 in folder ExNo4 (File-
>Save As).
RULE OF THUMB NO 1: Create a separate catalog for each project
RULE OF THUMB NO 2: In the names of directories do not use: spaces,
special characters (e.g. @#$%"&* itp.) and polish marks
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2) Select the Mesh module and open Spaceclaim. To do this, hold the left mouse
button (LMB) on the Mesh module and drag it to the Project Schematic field.
Then double-click LMB on Geometry to start the Spaceclaim program in which
the geometry will be created. Note that in the lower left corner of the screen
there is an inscription informing what program is running.
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3) Click LMB Select New Sketch |g| to select drawing plane.

o) &&=
Select Hew Skeich Plane

@ Click an object to cnent the
skeich grid along the obsect

) Press F1 for mone help.

Select plane X-Y as below.

ANSYS

R19.2

s @ o B a NN

s
. . e .
4) Click Plan View |—| to rotate the drawing plane parallel to the screen (you
can also do this by pressing Shift + v).

0w~ =

Display your design 50 that you are viewing the
x+5.9589 y- g grid head-on

& Press F1 for more help, or F3 for a video.

5) In the panel at the top of the screen, select the draw rectangle icon 2 and
move the cursor to the center of the coordinate system and then press the LMB
key.
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You can switch between dimension edit fields with the Tab key. Set the
horizontal dimension to 100 and the vertical dimension to 30 mm and press the
Enter key.

100mm

[y

: . _ _ _ € -
Remember, that if you fail at any time you can click the undo icon -
(located in the upper left corner of the screen) or Ctrl + z.

R i



6) To exit the rectangle drawing command, press Esc and LMB, click the Return
to 3D mode icon at the bottom of the screen.

a Activate the Pull tool in 3D
mode.

& Press F1 for more help.

7) Rotate the view by holding down the Scroll mouse button and moving it to get
an isometric view similar to the one below.

z“
8) Select Pull
18 ¥ & &3 Spiit Body @ shell Cylinder
s;k ﬁ & 6;?@ c§  Seli Lt ft @ Ofiset z B
] i ™ @Project Nk s e S Q sptee
dit Intersect Create Body
Pull (P)
slect and dra ¢ Selectfaces 1o offset. revolve, sweep, draft, scale

,@) or copy. Select edges to round, chamfer. extrude,
copy. or pivot. Alteclick the obsect that will drive
the pull. Ctri+drag fo copy

& Press F1for more help, or F3 for a video.

Then position the cursor as shown below. By moving the cursor while pressing
LMB you will notice the changing dimension of the length. Enter 5 mm and
confirm with Enter (you may have to do it while holding LMB).



9) Close Spaceclaim save project in Workbench using Ctrl + s.

2.2. NUMERICAL MESH
1) Open Ansys Meshing by double-click LMB on Mesh
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2) In Ansys Meshing: 1) click Mesh, 2) Change field Physisc Preference into CFD,
3) Change Solver Preference into CFX, 4) Click LMB Generate Mesh
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3) In Ansys Meshing press the right mouse button (RMB) on Mesh and select
Insert->Sizing

&) Project
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# /@ Geometry
/ﬂ Matenals
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While holding down the Ctrl key, select 4 edges as shown below and confirm
Geometry->Apply (if you don't see Apply, click LMB in the yellow field).

0,000 0,030 0,060 {m)
T —— | ]
0,015 0,045
Details of “Sizing” - Sizing
[ Seape
[ Scoping Method -Gtum!try Selection
Iy Cancel |
(=1 Drefinition
[ SI.EPTE-SSEH Mo
| Type Element Size
[T Erement Size | Default [5, 12642003 m)
| Advanced
[T Deteature Size | Default [2,56326-005 m)
| Behavicr Soft
| Growth Rate | Defaut (,2)
Capture Curvalure No
_-v.‘.a-pturt Froximity _-N-u

Change Definition as in the figure below



Details of "Edge Sizing" - Sizing

[-l| Scope
Scoping Method Geometry Selection
Geometry 2 Edges
[=| Definition
Suppressed Mo
Type Number of Divisions I
100
[ Adwanced
Behaviar Hard|
Capture Curvature Mo
Capture Proximity Mo
Bias Type Mo Bias

Click Generate Mesh and check generated mesh (if you can't see the mesh click

LMB on Mesh in the tree on the left).

4) In Ansys Meshing press RMB on Mesh and select Insert->Sizing. While holding
down the Ctrl key, select 4 edges as in the figure below and confirm Geometry-

>Apply (if you do not see Apply click LMB in yellow field).

0,000

Apply below settings

0,015

0,030 0,060 (m)

0,045



Details of "Edge Sizing 2" - Sizing
[=l| Scope
Scoping Method Geometry Selection
Geometry 4 Edges
[=1| Definition
Suppressed Mo
Type MNumber of Divisions I
Mumber of Divisions | 50
=] Advanced
Size Function Unifarm
Eehavior Hard
Eias Type o
Eias Option Bias Factor
Bias Factor 20,0 |
Reverse Bias Mo Selection

Click Generate Mesh and check generated mesh (if you can't see the mesh click
LMB on Mesh in the tree on the left). The grid is not symmetrical. To change
this, select the LMB option Reverse Bias

Details of "Edge Sizing 2" - Sizing
]| Scope
Scoping Method Geometry Selection
Geometry 4 Edges
[=1| Definition
Suppressed Mo
Type MNumber of Divisions
Mumber of Divisions | 50
=] Advanced
Size Function Uniform
Behavior Hard
Eias Type o
Eias Option Bias Factor
Eias Factor 20,0
Reverse Bias Mo Selection |

Then pick 2 edges as in the figure below and confirm Apply.



Click Generate Mesh and check the generated mesh (if you can't see the mesh
click LMB on Mesh in the tree on the left).

5) In Ansys Meshing RMB on Mesh and select Insert->Sizing. With the Ctrl key
held down, select 4 edges as in the figure below and confirm Geometry->Apply
(if you do not see Apply click LMB in yelow field).



Apply below settings

Dretails of "Edge Sizing 3" - Sizing

[=| Scope
Scoping Method Geometry Selection
Geometry 4 Edges

[=I| Definition
Suppressed Ma
Type Mumber of Divisions |

Mumber of Divisions | 1

[=I| Advanced
Size Function Uniform
Behavior Hard|
Bias Type Mo Bias

Click Generate Mesh and check the generated mesh (if you can't see the mesh

LMB on Mesh in the tree on the left).

6) The last step is to name the volumes and surfaces. Select the LMB body

selection filter

W ® ®©

: Jﬁ{lose\fertiqaody (Ctrl+ B]r

Choose a cuboid LMB, and then click RMB and choose Create Named

Selection
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LMB indicate the outer surface at which the mesh is dense and Click RMB,
then select Create Named Selection
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Call it cold_wall



Selection Mame >
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8) Create name inlet for surface as in the figure below
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9) Create outlet on the opposite surface to inlet
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Selection Mame
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10) Similarly, create a sym name for two large flat surfaces
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Selection Mame >
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11) Give the name on the last unnamed surface as slip_wall
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Selection Mame
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12) Close Ansys Meshing and save project in Workbench.

2.3. NUMERICAL MODEL
1) Insert CFX
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Click RMB on Mesh and select Update



Geometry "
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3| @ Mesh
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Double-click on Setup to run Ansys CFX
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2) Open Analysis Type by double-click LMB



hd [EI Mesh
& sys.cmdb
5| Connectivity
hd @ Simulation
~ [ Flow Analysis 1

(L] Analy.,l., Type
hd = Default Domain
i$ Default Domain Default

Apply the following settings and confirm OK.

Outline Analysis Type
Details of Amalysis Type in Flow Analysis 1

Basic Settings
AMSYS MultiField Coupling

Option Maone

Analysis Type

Optian Steady smg

3) Double-click LMB Default Domain
¥ @ Mesh

&1 sys.cmdb
G Connectivity
hd [EI Simulation
v @] Flow Analysis 1
(@ Analysis Type
Default Domain

1% Default Domain Default
¥ Interfaces

Apply the following settings, select the import material button :] from CFX
library .



Outline Domain: Default Domain B8 m h,ﬁl
Details of Default Domain in Flow Analysis 1 EEEE—

Basic Settings Fluid Models Initialization
Location and Type
Location I Fluid_domain| I VJ |_|
Domain Type |Fiuid Domain -
Coordinate Frame | Coord 0 -
Fluid and Partide Definitions. .. B8
Fluid 1
X
Fluid 1 =]
Option |Hatend Library -
Material | Airat25¢C vl D
Morph =)
ology - Select from extended list
Option Continuous Fluid - | !
[ Minimum Volume Fraction =
Domain Models
Pressure =]

Reference Pressure | 1 [atm]

Buoyancy Model =
Cption Non Buoyant >
Domain Motion B
Option ‘Stationary =
Mesh Deformation =]
Option None -

4) Select Import library data
Material > ]

& Air Ideal Gas A el
7 & Aratasc

1 | CHT Solids Import Library Data i
Calorically Perfect Ideal Gases

Constant Property Gases
& Arat2sc

Constant Property Liquids

Particle Solids

Soot

Water Data

£ W

W W W W

I oK || Cancel |

5) With the Ctrl key pressed, select materials H20 i H20I and confirm OK.



1 Select Library Data to Import

<

| File to Import la/MATERIALS -standard.cd | | -5

» Interphase Mass Transfer
» Liguid Phase Combustion
> Particle Solids

Water Data

E Water Vapour at 100 C
E Water Vapour at 25C
&L Water at 100 C

&5 Waterat2sc

& H2O
& Hzol

A

| —

Cancel

And confirm again OK.

Material

* Liguid Phase Combustion
&L H2ol
> Particle Solids
> Spot
* Water Data
&L H2ol
& Water
&L H20

E Water Ideal Gas

1 oK |

Cancel

6) Close for now Default Domain




Outline Domain: Default Domain
Details of Default Domain in Flow Analysis 1

Basic Settings Fluid Models Initialization

Location and Type

Location Fluid_domain w
Domain Type Fluid Domain -
Coordinate Frame Coord 0 -
Fluid and Partide Definitions. .. =
Fluid 1
L]
X
Fluid 1 =
Option Material Library -
Material | Air at 25 C| v
Marphology =
Option Continuous Fluid -
] Minimurm Volume Fraction
Domain Models
Pressure =
Reference Pressure | 1 [atm]
Buoyancy Model =
Option Mon Buoyant -
Domain Maotion =
Option Stationary -
Mesh Deformation =
-

Option Mone

I Close

7) Create a new material with the name H20OIv by clicking

icon



3 [Ele~maelom an

Insert Material ? o0
Mame |H20Ixr| P

Cancel

8) Apply below settings

Outline Material: H20lv [x]
Jetails of H20h

Basic Settings Saturation Properties

Option I Homogeneous Binary Mixture I -
Material Group | User w
Material 1 | Hz0 | v
Material 2 | BEE] | -

[] Material Description

Go to tab Saturation Properties and apply as below

Outine  Material: H20l Remember to press
Details of H20Mv the expression icon
Basic Settings Saturation Properties with LMB before
o Fa— entering the
m -
formulas

Pressure =
Option | Antoine Equation | >

Ref. Constant A I5.11564%in(10)] |

Enth. Coeff. B | 1687.54 [K]*In(10) |

Temp. Offeet C | (230.23-273.15) []}

Pressure Scale | L bar] |
Temperature =]
Option Automatic -
[ ] Table Generation

Confirm OK.
9) Select the icon for creating new material and name it Steam
P S e (Bl £ OB & ilfF
Insert Material 7 x|
Mame |Steam| | -

Cancel

10) Change Option into Variable Composition Mixture and in the field Material

List choose Air Ideal Gas and H20. Use the icon to choose two materials
and hold down the Ctrl key while selecting. Submit OK.



Cutline Material: Steam
Jetails of Steam

Basic Settings Mixture Properties

Option I"a'ariable Compaosition Mixture I
Material Group | User
Materials List | Air Ideal Gas
(] Material Description
Thermodynamic State

Thermodynamic State

(] Coordinate Frame

Next again confirm OK.

Materials List

~  Air Data

Air &t 25 C
CHT 5Solids
Calorically Perfect Ideal Gases
Constant Property Gases
Constant Property Liquids
Gas Phase Combustion
Interphase Mass Transfer
Hzol
Liquid Phase Combustion
Particle Solids
Soot

User

Wlatar Nata

L

OK Cancel




Cutline Material: Steam
Details of Steam

Basic Settings Mixture Properties

Option Variable Composition Mixture -
Material Group | User v|
Materials List | Air Ideal Gas,H20] v |
[] Material Description
Thermodynamic State
-

Thermodynamic State | Gas

[] coordinate Frame

Apply Close

11) Double-click LMB Default Domain



v | Mesh
&1 sys.cmdb
G Connectivity
hd [EI Simulation
v [ Flow Analysis 1
(D Analysis Type
b Default Domain
[“19% Default Domain Default
i:ﬂ Interfaces

12) Apply the following settings
Outline Domain: Default Domain
Details of Default Domain in Flow Analysis 1

Basic Settings Fluid Models Initialization

Location and Type

Location | Fluid_domain
Domain Type Fluid Domain
Coordinate Frame Coord 0

Fluid and Particle Definitions. .. =
Fluid 1
L]
x
Fluid 1 B
Option Material Library
Material I Steam| I
Morphology =
Option Continuous Fluid
[] Minimurm volume Fraction
Domain Models
Pressure =
Reference Pressure | 1 [atm]
Buoyancy Model =
Option Mon Buoyant
Domain Motion =
Option Stationary
=

Mesh Deformation

Option Mone



Cutline Domain: Default Domain
Details of Default Domain in Flow Analysis 1

Basic Settings Fluid Models Initialization

Heat Transfer

Option Thermal Energy

[] ind. viscous Dissipation

Turbulence
Option I Shear Stress Transport I
Wall Function Automatic

[] Turbulent Flux Closure for Heat Transfer
[] transitienal Turbulence
Advanced Turbulence Control

Combustion

Option Mone
Thermal Radiation

Option Mone
(] Electromagnetic Model

Component Models
Wall Condensation Model

Option I Concentration Boundary Layer Model I

Component

HEHH

Air Ideal Gas
H20

Air Ideal Gas

Option



Cutline Domain: Default Domain
Details of Default Domain in Flow Analysis 1

Basic Settings Fluid Madels Initizlization

Heat Transfer
Option Thermal Energy

[] ind. Viscous Dissipation

Turbulence
Option Shear Stress Transport
Wall Function Automatic

[] Turbulent Flux Closure for Heat Transfer
[] Transitional Turbulence
Advanced Turbulence Control

Combustion

Option Mone
Thermal Radiation

Option Mone

[] Electromagnetic Model
Component Models
Wall Condensation Model

Optian Concentration Boundary Layer Model

Component

| Air 1deal Gas
H20

H20

Option | Transport Equation |
nematic Diffusivity

Kinematic Diffusivity | 2.5e-05 [m~2s~-1] |

Condensation Model

Option | Condensable |

Homogen. Binary Mixt. | H20k |

(] Turbulent Flux Closure

Confirm OK.

13) Create an boundary condition named inlet

= I I
Insert Bound... ? >

Name |inleﬂ

[ ox ]

Apply the settings as below and confirm OK.

HEHH



Outline Boundary: inlet x|
Details of inlet in Default Domain in Flow Analysis 1

Basic Settings | Boundary Details  Fluid Values ~ Sourcezs Plotop * 1 P

Boundary Type -
Location inlet e

[ ] Coordinate Frame

Outline Boundary: inlet
Details of inlet in Default Domain in Flow Analysis 1

Basic Settings Boundary Details Sources Plot Options

Flow Regime

Option Subsonic

Mass And Momentum

Option Mormal Speed

Mormal Speed I 0.1 [ms"-1]

Turbulence

Option Medium (Intensity = 5%)
Heat Transfer

Option Static Temperature

Static Temperature |!3?3.15[+<] |

Component Details

H20
H20
Option Mass Fraction
Mass Fraction  |EEE |

14) Create an boundary condition outlet

Blteagil, b g% E

Insert Bound... ? x

Mame | nutlet] |

Corcel




Cutline Boundary: outlet
Details of outlet in Default Domain in Flow Analysis 1

Basic Settings Boundary Details Sources Plot Qptions

Boundary Type Cutlet

Location I outlet I

[] coordinate Frame

Cutline Boundary: outlet
Details of outlet in Default Domain in Flow Analysis 1

Basic Settings Boundary Details Sources Plot Options
Flow Regime

Optian Subsonic

Mass And Momentum

Option Average Static Pressure
Relative Pressure 0 [Pa]
Pres, Profile Blend |[J.DS

Pressure Averaging

Option Average Over Whole Outlet

15) Create an boundary condition slipwall

B alrea g, 4 "z [

Insert Bound... ? >

Name | slipwall

Cance

Qutline Boundary: slipWall
Details of slipwallin Default Domain in Flow Analysis 1

Basic Settings Boundary Details Sources

Boundary Type I|Wal| I

Location || slip_wall I

[] Coordinate Frame

Cutline Boundary: slipWall
Details of slipWallin Default Domain in Flow Analysis 1

Basic Settings Boundary Details Sources

Mass And Momentum

Option Free Slip Wall

Heat Transfer

Option Adiabatic

16) Create an boundary condition condensingWall



YHE &+

' Insert Bound...

Mame | condensingiall

Outline Boundary: condensingWWall
Details of condensingWallin Default Domain in Flow Analysis 1

Basic Settings Boundary Details Sources
Boundary Type

Location I cold_wall I

(] coordinate Frame

Outline Boundary: condensingWall
Details of condensingWall in Default Domain in Flow Analysis 1

Basic Settings Boundary Details Sources Flot Options

Mass And Momentum

Option Mo Slip wall

[] wall velocity
Wall Roughness

Option Smooth Wall -
Heat Transfer

Option -
Fixed Temperature || 363.15 [K] I

Component Details

[ETN—

H20

Option I Wall Condensation Model I

17) Create an boundary condition sym

— ]

Insert Bound...

Marne | syml

Apply the settings as below and confirm OK.



Outline Boundary: sym B8

Details of sym in Default Domain in Flow Analysis 1

Basic Settings
Boundary Type Symmetry -
Location I sym I w

18) Create expression named Cond Mass Flux

£ M E =it = = #H
b 2 - P
Insert Expres... ? =0

Mame |C|:|n|:| Mass Flux|

Corcel

19) Apply the following definition: areaAve(H20.Condensation
Flux)@condensingWall
Confirm Apply.
Details of Cond Mass Flux

Definition Flot Evaluate

Mass

areaAve(H20. Condensation Mass Aux) @condensingWall

[ _pooly

20) Open Output Control

Reszet




Outline

A @ Mesh
[§ sysi.cmdb
1 Connectivity
v | simulation
e @ Flow Analysis 1
(D' Analysis Type
v [«] & Default Domain
[ PE condensingwal
'I inlet
i$ outlet
it slipwall
PE sym
't.=|:| Initialization
ﬂ Interfaces
hd Solver
2" solution Units
tfﬁ, Solver Control
;L. Coordinate Frames
User Locations
Transformations
@ Materials
@ Reactions
hd Expressions, Functions and Variables
Additional Variables
hd Expressions
v Cond Mass Flux
i eCondMassFlux
User Functions
User Routines
hd [EI Simulation Control
@ Configurations
Case Options

Apply the following settings and confirm OK.



Qutline Cutput Control
Details of Output Control in Flow Analysis 1

Evonitor objects =)
Manitor Balances - Full
Monitor Forces - Full
Monitor Residuals - Full
Maniter Totals - Ful
Monitor Partides - Full
[ Efficiency Output
Monitor Points and Expressions =

]

X Insert Monit... ? X

MName |Condensir|g Mass Flux|

[ ] | cancel

Outine  Output Control (%]
Details of Output Controlin Flow Analysis 1
Results Backup Manitor
Monitor Objects
Manitor Balances - Full
Monitor Forces - Full
Monitor Residuals - Full
Monitor Totals - Full

u EEEEIEIEEE

Monitor Partides - Full
[] Effidency Output Remember to press
Monitor Points and Expressions the expression icon
Condensing Mass Flux with LMB before
entering the
formulas x|
Condensing Mass Flux N B
Option [Exoression | N\
Expression Value ICand Mass Flux| I |
Coordinate Frame | Coord 0 =
(] Monitor Statistics ]

21) Create initial conditions by clicking the LMB icon Global Initialization (at the
top of the screen, almost in the middle)

el P o E
L ﬂ'. O 1G1uba| Initialization i

Apply the settings as below and confirm OK.




Outline Initialization
Details of Global Initialization in Flow Analysis 1

Global Settings

[] coordinate Frame
Initial Conditions

Velodity Type Cartesian
Cartesian Velodty Components

Option Automatic with Value
u [o.ims-1]
v loms~-1 |
W foms~1] |

Static Pressure

Option Automatic with Value

Relative Pressure || 0 [Pa] I

Temperature
Option Automatic with Value
Temperature n3?3. 15 [K] I
Component Detsils
H20

H20
Cption Automatic with Value
Mass Fraction HD I

22) OpenSolver Control i apply below settings



Cutline

W @ Mesh
[EI SYsl.cmdb
W) Connectivity
hd @ Simulation
v |6 Flow Analysis 1
G Analysis Type
w [] & Default Domain
it condensingWWall
ii inlet
FPE outlet
[F1P% sipwal
P+ sym
't_zu Initialization
ﬂ Interfaces
b Solver

&% Solution Units

Solver Control

Output Control
)gt. Coordinate Frames
User Locations
Transformations
[EI Materials
@ Reactions

b Expressions, Functions and Variables

Additional Variables
Expressions
User Functions
User Routines
hd @ Simulation Control
@ Configurations
Case Options



Cutline Solver Control
Details of Sohlver Controlin Flow Analysis 1

Basic Settings Equation Class Settings

Advection Scheme
Option High Resolution
Turbulence Mumerics

Option High Resolution

Convergence Control

Advanced Options

Min. Tterations {500 |

Max. Iterations HGDD| I
Fluid Timescale Control

Timescale Control Auto Timescale

Length Scale Option Conservative

Timescale Factor 1.0

[] Maximum Timescale

Convergence Criteria

Residual Type RMS

OO o

Residual Target I 1le-6 I
D Conservation Target
] Elapsed Wall Clock Time Contral
(] Interrupt Control

Confirm OK.
23) Close Ansys CFX.

2.4. CALCULATIONS

1) Double-click on Solution to run Ansys CFX Solver Manager



|E| Analysis Systems | L
B4 DesignAssessment
#) Bigenvalue Buckling - A v E

B oo e N
Explicit Dynamis 2 Geometry ‘-/—I 2 @ setwp
@ i) s i e

@ Fluid Flow (Fluent) -
E Harmonic Acoushcs Mesh 4 9 Resmilts & 4
[ HarmonicResponse CFX

IC Engine (Fluent)
(5] Magnetostatic

il Modal

E Modal Acoustics

il Randomvibration
[l ResponseSpectrum
@ Rigid Dynamics

I staticAcoustis

kel Static Structural

Y steady-State Thermal
) ™hermal-Electric

E) Topology Optimization —
& Trensient Structural A
ﬂ Transient Thermal 1 Type

) ) Turbomachinery FluidFlow
|E| Component Systems I

iy ACP(Post)

i ACP(Pre)

ﬁ BladeGen

@ Crx

& Engineering Data
External Data
@ Extemnal Model
E Fluent

E Fluent (with Fluent Meshing)
@ Geometry

ICEM CFD

Q Material Designer
N Mechanical APDL
@ Mechanical Model
@ Mesh

[ Microsoft Office Excel
€% Performance Map
& Results

(] System Coupling
€% Turbo Setup

M vistaAFD

M vistaCD

B victacPn

| T View All / Customize. ., I

I : Starting CFX-SolverManager... I
T P T A T P S I I R TP W

2) Apply below settings and press Start Run. The program will perform
calculations. Wait a few moments for the message about completing the
calculations.

W




&3 Define Run ? et

Solver Input File twhCwa_files\dpONCFX-2\CRX\CFX. def ¥

Global Run Settings
Run Definition Initial Values
Run Settings

Type of Run Full

Double Precision
| Large Problem

Parallel Environment =
Fun Mode I Serial I -
Host Name

desktop-1erkcpo

] Show Advanced Controls

Start Run Save Setlings Cancel

3) Calculations take about 10 minutes. Watch the individual bookmark tabs as
they change. Pay particular attention to the User Point tab, where the stream of
condensed steam is shown in each iteration. Steady state will be reached when
the curve stabilizes, which will occur after about 350 iterations. An additional
250 iterations (600 iterations were set up in point 2.3.22) are carried out so that
all residuals also stabilize.




Heat Transfer Turbulence (KO) Mass Fractions Wall and Boundary Scale User Points |4 B

= -0.004
-0.005
-0, 008
-0.007
I 1 1 1 1 I 1 1 1 1 I 1 T 1 T I T 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 T 1 T
U] 50 100 150 200 250 300 350
Accumulated Time Step

= Monitor Point: Condensing Mass Flux |

4) When the calculations are completed, the program will display a message:
Workspace |Run CFX 001 hd

Heat Transfer Turbulence (KO) Mass Fractions Wall and Boundary Scale User Points |4 B8 -

._.

o

i

]

=1
]

-

1.0e-05

1.0e-10

1l 1.0e-15 4| |

o Solver Run Finished Mormally

Variable Value

CF¥_001 has completed narmally.
% Runconduded at: r. 8. kwi 12:33:29 2020
ﬂ.‘ Results are in
=" L:/KompPraca_2020III13/DYDAKTYKA/PRZEDMICTY M/ZPCP/D/Cw4/Cw4_pending/dpd_CFX_3 Solution_3/CFX_00Lres

en this workspace now

I
\.l End of solution stage.

The results from this run of the ANSYS CFX Solver have been
Wwritten to

I:/KompPraca 2020IIIl3/DYDRETYER/DRIEDMIOTY/WZIPCP/D/Cwd/Cwd_pendi-
ng/dpld_CFX 32 Solution_3/CFE_00l.res

- ——— +
+---—— +
:l | For CFX runs launched from Workbench, the final locations of | I:
| directories and files generated may differ from those shown. |
n component in steady sff| +-----—--—-—--"--"-"-"""-""""-"-"""""-+"-""-"-"—-"-"-—+++ -+ # +¥\\ \ f :F F +

n component in bezMonit

n componentin CFX. The || This run of the ANSYS CFX Solwer has finished.

n component in CFX., The
n component in CFX, ThéRun Complete

n ramnanant in PRV Tha onhear filad with 2 nancsarn avit cada w0 92

5) Confirm OK and close Ansys CFX Solver Manager. Save project in Workbench.



2.5. ELABORATION OF THE RESULTS

1) Double-click LMB on Results to run Ansys CFD Post and see the results

|E| Analysiz Systems L]
B4 Design Assessment

B3 EigenvalueBuckling

(&) Electric

Explicit Dynamics

£ Fluid Flow (CFX)

@ Fluid Flow (Fluent)

L HarmanicAcoustis

@ HarmanicResponse

£} 1c Engine (Fluent)

[08] Magnetostatic

fH Modal

Eg Modal Acoustics

iy RandomVibraton

il ResponseSpectum

@ Rigid Dynamics

& StaticAcoustics

g Static Structural

ﬂ Steady-State Thermal

m Thermal-Electric

& Topology Optiniaation (Messages
% Transient Structural A
ﬂ Transient Thermal 1 Type
& Terbomachinery FluidFlow
|E Component Systems

il ACP(Post)

:z ACP(Pre)

ﬁ BladeGen

@ crx

4 Enginzering Data

External Data

@ External Model

E Fluent

B2 Fluent (with Fluent Meshing)
0 Geometry

[54 ICEM CFD

% Material Designer

ﬂ Mechanical APDL

@ Mechanical Model

@ Mesh

[ Microsoft OfficeExcel

€ Performance Map

& Results

System Coupling

€5 Turbo Setup

B vistaarD

B vistaco

M vistacPn

| T View All / Customize.., I

L

| ® Starting CFD-Post..
2) From menu Location choose Plane




& B4: CFX - CFD-Post

Details of Plane 1

Geometry

Dormains

Definition
Method

z

Plane Bounds

Type

Flane Type

File Edit Monitor Session Insert Tools Help
FRELD@ 9 o SBaSE
Oudme Variables ~ Expressons ¥ Point L
v () Cases %+ Point Cloud
@@ Case Comparison / Line
v @ crxatas @ Plane
v @ Default Domain 0 =
9% inner E
9% outer @) Isosurface
9% sym @ Is0Clp
@ > @l Mesh Regions T Vortex Core Region
v User Locations and Plots
. Surface of Revolution
Y pefault Transform © 2
[} pefaultLegend view 1 A/ Polyine
M@ wireframe &} User Surface
v (@] Report :ﬁ Surface Group
M &> Title Page
> &> FileReport "a Turbo Surface
¥/ TurboLine
Apply below settings and confirm Apply.
Colar Render View
|AJI Domains - ‘ D
=
I XY Plane I - |
0.0025 [m] |
=
|None - |
=
(") sample

(® Slice

3) LMB press X axis



0.08 (m)

0.0075 0.0225
4) Uncheck the visibility of the previously created plane.
v &) cases

% Case Comparison
v [&] cFXat10s
v (@ Default Domain
[1P% Dpefault Domain Default
] it inlet
O7% sym
» El Mesh Regions
v | User Locations and Plots
[hq Default Transform
=il ? Default Legend View 1
Bl Plane 1
ii! Wireframe
v Report
- Title Page
5) Select contour creation and confirm OK.

& Insert Contour

Neme |SETENEY

Apply below settings and confirm Apply.




Details of Contour 1

Geometry Labels Render View

Domains All Domains - | |I|
Locations Plane 1 - | III
Variable H20.Mass Fraction - | II'

Range Global - |
Min 0.943437
Max 1

# of Contours E|
Advanced Properties

6) Save the photo of the water fraction contours. You can also use for this the icon

File Edit Manitor Session Insert Tools  Help
O G g 9 ¢ Puen~ SERE G
Outline  variables  Expressions  Cald Here you can see
' where the photo is
View1 ¥ saved

& Save Picture

Options

File Ffuser_ﬁlesfsbeady state 55T.jpg |

Format I| JPEG I

[ Use Screen Capture

mNhibe Background
] Enhanced Qutput (Smooth Edges)
@ Use Screen Size

width (800 '3 Height 600 &

Scale (%) |100

Image Quality | 100] |

Tolerance | 0.0001

6.350e-001
6.125e-001
5.900e-001

7) Save the photo of the temperature contours. To do this, double-click LMB on
the contours created in the tree and change the variable to Temperature.



Details of Contour 1
Geometry Labels Render View

Domains ' All Domzins - D
locaons  Plane 1 - D
Variable | Temperature | - D
Range Global -
i 361,962 [K]
Max T
# of Contours |33 =]

Advanced Properties

3.644e+002
3.638e+002
3.631e+002

8) Save the photo of the speed contours. To do this, double-click LMB on the

contours created in the tree and change the variable to Velocity.

9) Then turn off contour visibility.

v & cases
ﬁ Case Comparison
v |§] cFXat0.15s
v (& Default Domain
C1PE inner
Dlt outer
(1P sym
¥ @ Mesh Regions
v |88 User Locations and Plots
E[ (o] Contbour 1
& Default Transform
[} Default Legend view 1

Dﬁ Plane 1

[+ & iwireframe

v Report



10) Click LMB on Y axis

A
4]
¢

—

0 0.02 0.04 (m)
L S— ESS—
0.01 0.03

11) Turn on condensingWall surface visibility in the system tree and next double-

click LMB on name condensingWall. apply below settings and click D icon



Qutiing Variables =~ Expressions  Caloulators ~ Turbo
hd It Domain
¥ condensingwal
CID% inlet
7% outlet
OPE siowal
OPE sym
> @) Mesh Regions
A @ User Locations and Plots
(1@ contour 1
E;ﬂ Default Transform
= E% Default Legend View 1
CIER Plane 1
A& wireframe
v (& Report
[ &3> Title Page v

Details of condensingWall
Color Render View

e °]
Varisble  Pressure '.

-

Range ‘Guhal
Min -1.0143e-05 [Pa]
- 0.00963423 [Pa]

Boundary Data (®) Hybrid () Conservative
Color Scale ‘L‘near
ColorMap  Default (Rainbow) > B

uncet.coor |

Select H20.Condensation Mass Flux variable and confirm OK.




Confirm Apply.

& Variable Selector

v Solution ~

R R R R R R EEEEEEER]  EELEEELEELELEE:

Absolute Pressure

Air Ideal Gas.Conservative Mass Fraction
Air Ideal Gas.Mass Concentration
Air Ideal Gas.Mass Fraction

Air Ideal Gas.Molar Concentration
Air Ideal Gas.Molar Fraction
Aspect Ratio

Courant Numnber

Density

Density.Beta

Dynamic Viscosity

Erergy and Mass Fractions.Beta

H20.Condensation Mass Flux

H20,Conservative Mass Fraction
H20.Mass Concentration
H20,Mass Fraction
H20.Molar Concentration
H20.Molar Fraction

Heat Flux

Isothermal Compressibility
Local Speed of Sound
Mach Mumber

Mass Flow

Mesh Expansion Factor
Orthogonality Angle
Pressure

Real Partition Mumber
Shear Strain Rate

Spedfic Heat Capacity at Constant Pressur v
>

Cancal




Details of condensingWall

Color  Render  View

Mode Variable -
Viariable H20.Condensation Mass Flux -
Range Global -

o -9,95352e-07 [kg s-1 m~-2]

Max 0 kg 57-1m~-2]
Boundary Data Hybrid Conservative

Color Scale Linear -

Color Map Default (Rainbow) ~| B

Reset Defaults
Save the photo.

12) Turn off visibility of the condensingWall surface in the system tree.
13) Create a line and apply the following settings:



wsert Tools Help

™ | SERESD »
ns ¥ Point
- %+ Point Cloud i
@ Plane
@ Volume
¥ Isosurface
¥ IsoClip
5 T Vortex Core Region
Qf_’ Surface of Revolution
1l A’ Polyline
&} User Surface
{4 surface Group
’,'& Turbo Surface
" 1% Turboline i=—
Details of Line 1
Geometry Color Render View
Domains | All Domains - E'
Definition
Method “Two Points -
Point 1 o o I 0.0025 | |
Paint 2 [o.. ] [0 [o.0025 ] |
Line Type
O cut (@ sample
Samples [10 E




14) Create chart

x = B 5 : .
&2 Insert Chart ? >

A || Name (2 |

I|ﬂ<|

15) Apply the settings below and confirm Apply.
Details of Chart 1
General Data Series | X Axis YV Axis  LineDisplay  ChartDisplay

| Concel |

Spedfy data series for locations, files or expressions
Series 1 (Line 1)
X
@
Name | Series 1 |
Data Source
@ Location | Line 1 | =] [
O File | |
(") Monitor Data

H

[] custom Data Selection



Details of Chart 1

General Data Series Y Axis Line Display Chart Display

Data Selection

Variable E

Boundary Data Hybrid
[] Take absolute value of data points

Axis Fange
Determine ranges automatically

Min | -1.0 Max |1.0

[] Logarithmic scale [] tnvert axis

Axis Mumber Formatting

Determine the number format automatically

Predsion 3 > | Sdentific
Axis Labels

lUse data for axis labels

Custom Label | X Axis <units=

Details of Chart 1

General Data Series ¥ Axis Line Display Chart Display

Data Selection
Viariable I H20.Condensation Mass Flux I
Boundary Data Hybrid

Take absolute value of data points

Axis Range
Determine ranges automatically

Min | -0.001 Max |0
[ Logarithmic scale [ tnvert axis

Axis Mumber Formatting
Determine the number format automatically

Precision 3 * | Sdentific

Axis Labels
Use data for axis labels

Custom Label | Y Axis <units>=

16) Export the chart results to a csv file

Conservative

Conservative

+i

«i



Details of Chart 1
General Data Series ¥ Axis Y Axis Line Display Chart Display

Data Selection
Viariable H20.Condensation Mass Flux

Boundary Data Hybrid Conservative

Take absolute value of data points
Axis Range

Determine ranges automatically
Min | -0.001 Max |0 «i

] Logarithmic scale [ tnvert axis

Axis Mumber Formatting

Determine the number format automatically

Precision 3 +  Sdentific -
Axis Labels

Use data for axis labels

Custom Label | Y Axis <units =

I Apply ” Export I Reset Defaults

&) Export

Lookin: I:\KompPraca_202011113\DYDAKTYKA\PRZEDMIOTY \W2PCP\D\CwA\Cw4_filesiuser_files -390 HE

‘ My Computer Name Size Type Date Modified

yE
& Documents

a przemek

user_files

|Ii Save iI

- Cancel

File name: condMassFluxalongPlate|

Files of type: | Comma Separated Values (*.csv)




Results to be included in the report:

1) Contours of distribution of mass fraction of water in the computational domain.

2) Contours of temperature distributions in the computational domain.

3) Contours of speed distribution in the computational domain.

4) Picture of the variable H20.Condensation Mass Flux on the surface of the cold
wall.

5) Compare analytical (1) and numerical results (results from the exported csv file)
on one chart.

For the case under consideration, there is an analytical solution presented by
Sparrow et al. [1]. The mass stream of condensing steam mcond Changes along
the plate as follows

mcond = 1 % F (O) (1)
2 X

where
p mixture density, kg/m3

L mixture dynamic viscosity, P s
U_ free stream velocity (at the inlet), m/s

x coordinate along the plate, m
F(0) function that depends among others on the mass fraction of non-condensing

gas

For analytical calculations, please take the condensate properties at saturation
temperature of 100 °C, for simplicity. Required values of variables are
presented in tab. 1.

Tab. 1. Values of variables that should be substituted into the equation (1)

p H U, F(0)
kg/m3 Pas m/s
958,35 0,000281745 0,1 0,05

On the chart, do not show results for x = 0.

3. REFERENCES
[1] Ansys CFX Solver Modeling Guide, v 14.0, 2011.

[2] E.M. Sparrow, W.J. Minkowycz, M. Saddy, Forced Convection
condensation in teh presence of noncondensables and interfacial
resistance, International Journal of Heat and Mass Transfer, VVol. 10, pp.
1829-1845, 1967.



