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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.  

 

Fig. 1. Scheme of the issue of condensation on a flat plate  
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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 

 
 

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. 



 



 



3) Click LMB Select New Sketch to select drawing plane. 

 
Select plane X-Y as below. 

 
 

4) Click Plan View  to rotate the drawing plane parallel to the screen (you 

can also do this by pressing Shift + v). 

 
 

5) In the panel at the top of the screen, select the draw rectangle icon  and 

move the cursor to the center of the coordinate system and then press the LMB 

key. 



 
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. 

 

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.  

 



6) To exit the rectangle drawing command, press Esc and LMB, click the Return 

to 3D mode icon at the bottom of the screen. 

 
7) Rotate the view by holding down the Scroll mouse button and moving it to get 

an isometric view similar to the one below. 

 
8) Select Pull 

 
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 

 



 
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 



 
The default grid is not valid. The grid should be edited. 

1 

2 
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3) In Ansys Meshing press the right mouse button (RMB) on Mesh and select 

Insert->Sizing 

 
 At the top of the screen, select an edge select filter Edge 

 



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). 

 

 
Change Definition as in the figure below 



 
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). 

 
Apply below settings 



 
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 

 
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 

  
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  

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

Selection 



 

 
Name it as Fluid_domain 

 
7) Then change the filter to surface selection 

 



LMB indicate the outer surface at which the mesh is dense and Click RMB, 

then select Create Named Selection  

 

 
Call it cold_wall 



 
8) Create name inlet for surface as in the figure below 

 



 
9) Create outlet on the opposite surface to inlet 

 



 
10) Similarly, create a sym name for two large flat surfaces  



 



 
11) Give the name on the last unnamed surface as slip_wall 



 



 
12) Close Ansys Meshing and save project in Workbench. 

 

 

 

 

2.3. NUMERICAL MODEL 

1) Insert CFX 



 
To connect the Mesh module with CFX, grab LMB Mesh (below) and drag it to 

Setup until the Transfer A3 box appears, then release LMB - the connection has 

been created 

 
Click RMB on Mesh and select Update 



 
 

Double-click on Setup to run Ansys CFX 



 
2) Open Analysis Type by double-click LMB 



 
Apply the following settings and confirm OK. 

 

 
3) Double-click LMB Default Domain 

 

Apply the following settings, select the import material button  from CFX 

library . 



 
4) Select Import library data 

 
 

5) With the Ctrl key pressed, select materials H2O i H2Ol and confirm OK. 



 
And confirm again OK. 

 
6) Close for now Default Domain 



 

7) Create a new material with the name H2Olv by clicking   icon 



 
8) Apply below settings 

 
 

Go to tab Saturation Properties and apply as below 

 

 
Confirm OK. 

9) Select the icon for creating new material and name it Steam 

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

List choose Air Ideal Gas and H2O. Use the icon to choose two materials  

and hold down the Ctrl key while selecting. Submit OK. 

Remember to press 

the expression icon 

with LMB before 

entering the 

formulas 



 
 

Next again confirm OK. 



 
 

11) Double-click LMB Default Domain 



 
12) Apply the following settings 

 
 



 
 



 
Confirm OK. 

13) Create an boundary condition named inlet 

 
Apply the settings as below and confirm OK. 



 
 

 
 

 

 

14) Create an boundary condition outlet 

 



 
 

 
15) Create an boundary condition slipWall 

 

 
 

 
16) Create an boundary condition condensingWall 



 
 

 
 

 
17) Create an boundary condition sym 

 
Apply the settings as below and confirm OK. 



 
18) Create expression named Cond Mass Flux 

 
 

 

19) Apply the following definition: areaAve(H2O.Condensation Mass 

Flux)@condensingWall  

Confirm Apply. 

 
 

20) Open Output Control 



 
Apply the following settings and confirm OK. 



 
 

 
21) Create initial conditions by clicking the LMB icon Global Initialization (at the 

top of the screen, almost in the middle) 

 
Apply the settings as below and confirm OK. 

 

Remember to press 

the expression icon 

with LMB before 

entering the 

formulas 



 
 

22) OpenSolver Control i apply below settings 



 



 
Confirm OK. 

23) Close Ansys CFX. 

 

2.4. CALCULATIONS 

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



 
2) Apply below settings and press Start Run. The program will perform 

calculations. Wait a few moments for the message about completing the 

calculations. 



 
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. 



 
4) When the calculations are completed, the program will display a message: 

 
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 

 
2) From menu Location choose Plane 



 
Apply below settings and confirm Apply. 

 
3) LMB press X axis 



 
4) Uncheck the visibility of the previously created plane. 

 
5) Select contour creation and confirm OK. 

 
Apply below settings and confirm Apply. 



 
 

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

. 

 
 

 
 

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.  

Here you can see 

where the photo is 

saved 



 
 

 
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. 

 

 



 

10) Click LMB on Y axis 

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

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

 



 
 

Select H2O.Condensation Mass Flux variable and confirm OK. 

 

 



 
 

Confirm Apply. 



 
Save the photo. 

 

12) Turn off visibility of the condensingWall surface in the system tree. 

13) Create a line and apply the following settings: 



 
 

 
 



 
14) Create chart 

 
15) Apply the settings below and confirm Apply. 

 
 



 
 

 
16) Export the chart results to a csv file 



 
 

 
 

 



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 H2O.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 

 1
(0)

2
cond

U
m F

x

    (1) 

 

where 

  mixture density, kg/m3 

  mixture dynamic viscosity, P s 

U  free stream velocity (at the inlet), m/s 

x  coordinate along the plate, m 

(0)F  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) 

ρ 

kg/m3 

µ 

Pa s 

U∞ 

m/s 

F(0) 

 

958,35 0,000281745 0,1 0,05 

 

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