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1. INTRODUCTION

The exercise will show how to model the transient heat transfer in a cylindrical
partition. A simulation of one-dimensional heat conduction will be carried out in a steel
pipe. An additional assumption will be the linear dependence of the thermal conductivity
coefficient of the pipe material on the temperature. The diagram of the analyzed case is
presented in Fig. 1.
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Fig. 1. Scheme of the problem of transient heat conduction in a cylindrical partition

2. ONE-DIMENSIONAL TRANSIENT CONDUCTION THROUGH A CYLINDRYCAL
WALL
Do the following:
1) Open Ansys Workbench and save the project named Cwl1 in the directory called
Cwa1 (File->Save As).



THUMB RULE NO 1: Create a separate catalog for each project
ZASADA PRAKTYCZNA NR 2: In the names of catalogs do not use: space,
special marks (e.g.. @#$%"&* etc.) and polish marks (e.g. z)

Product & CAD Configuration 19.2
Reaction Workbench 19.2

RSM Cluster Monitoring 19.2

RSM Configuration 19.2

RSM Job Monitoring 19.2

SCDM 19.2

0 Uninstall ANSYS 19.2

'A‘ User License Preferences 19.2
'A‘ Workbench 19.2
l ANSYS, Inc. License Manager
Aparat
AutoCAD 2019 — polski (Polish) v

Autodesk

Bubble Witch 3 Saga

Canebs Crich Snda Sana
S ) 5 2 0

| =




N Unsaved Project

Fle View Took Units Extensins lobs  Help
==

mport.. |

Project

Reconnect [#] Refresh Project ¥ Update Project ACT StartPage

- ERE Project Schematic

2)

B Analysis Systems ~
N soess x
[ DesignAssessment

B3 Eigenvalue Buckling <« v 4 ||« HDD2(G) > DYDAKTYKA > PRZEDMIOTY > WZPCP » D » Cwiczenia » Cwl @ | SearchCwl p
Electric

¥ Explicit Dynamics Organize v New folder M 2]
B Fluid Flow (cF) n

Q) FluidFlow (Fluent) = This PC Name Date modified Type Size

) HarmonicAcoustis

Harmonic Response 1 3D Objects Mo items match your search.

£ 1 Engine (Fluent) I Desktop

[El Magnetostatic [Z Documents

Mods! & Downloads

(&) Modal Acoustis

i Random Vibration b Music

iy Response Spectum =] Pictures

& Rigid Dynamics B videos

E Static Acoustics

[ Static Structural ‘& Local Disk (C)

) steady-State Thermal i) CD Drive (D)

Thermal-Electric SYMULACIE (£}

(&) Topology Optimizaton -

@ Transient Structural = HDD1(F)

R Transient Thermal = HDDZ (G:) v

& Turbomachinery FluidFlow

I3 ACP (Post) Save astype: | Project Files (*wbpj) v
iy ACP (Pre)

&4 BladeGen

W ox A Hide Folders Cancel

& Engineering Data

&) Edemal Data

@ Bdemal Model
Fluent

Fluent (with Fluent Meshing)
@ Geometry

B icemcrp

@ Material Designer
I\ Mechanical appL
@ Mechanical Model
@ Mesh

(3¢ Microsoft OfficeExcel
@) Performance Map
@ Results

System Coupling
@ Turbo Setup

B vistaAFD

B vists O

B vistacPD hd
T View All/ Customize...
® Busy

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) In Spaceclaim, create a cylindrical pipe with the dimensions shown in Fig. 2.
Set the pipe length to 200 mm.
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Fig. 2. Dimensions of the cylindrical pipe in cross section (pipe length is 100
mm)

B
Click LMB Select New Sketch |ﬁ| to select the drawing plane.
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) Press F for more help.

Select the X-Y plane as shown below.
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Click Plan View |—J to rotate the drawing plane parallel to the screen (you

can also do this by pressing Shift + v).
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In the panel at the top of the screen select the circle drawing icon and move the
cursor to the center of the coordinate system and then press the Shift key - two
dimensions editing fields will appear as shown below.
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You can switch between the dimension edit fields with the Tab key. Set the
horizontal dimension to 0 and the vertical dimension to 25 mm and press Enter.

The program will proceed to drawing a circle. Enter the value 16 mm and
confirm with the keﬁ Enter. Remember, that if you fail at any time you can

click the undo icon
+ Z.

(located in the upper left corner of the screen) or Citrl

Then create a second circle 10 mm in diameter by clicking LMB in the center of
the previously created circle.
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To exit the circle drawing command, press Esc and LMB, click the Return to
3D mode icon
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Rotate the view by holding down the Scroll mouse button and moving it to get
an isometric view similar to the one below.
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Then position the cursor as shown below



By moving the cursor while pressing LMB you will notice the changing
dimension of the pipe length. Enter 100 mm and confirm with Enter (you may
have to do it while holding LMB).

100mm] [P]

The last step is to remove the unnecessary plane sealing the pipe opening. To do
this, press Esc and then select the unnecessary plane (it will turn orange as in
the figure below) and press Delete.



4) Close Spaceclaim save project in Workbench via Ctrl + s

5) In the meshing module, make a numerical grid so that it looks similar to the one
shown in Fig. 3.
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Fig. 3. View of the numerical grid for the problem of one-dimensional transient
heat conduction in a cylindrical tube

To do this, open Ansys Meshing by double-clicking LMB Mesh
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In Ansys Meshing: 1) click Mesh, 2) change Physisc Preference into CFD, 3)
Change Solver Preference into CFX, 4) Click LMB Generate Mesh
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As you can see, the default mesh is not similar to the mesh in Fig. 3. To fix it,

you must first edit the geometry. We will cut the pipe in half to create edges, on

which then it will be possible to give the number of elements of the numerical

grid. Close the Ansys Meshing module and open the program Spaceclaim.
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Select the plane creation icon @ and LMB click the Y axis to create the YZ
plane.
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Select Split and indicate LMB with the Ctrl key pressed down 3 outer surfaces
of the pipe (marked in blue)
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Next choose Select Cutter Face

Click a point on an edge to split from
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And then point to the YZ plane you created earlier and close the program
Spaceclaim and open Ansys Meshing.




During opening of Ansys Meshing information will apear
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At the top of the screen, select the edge select filter Edge
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Click Generate Mesh and check the generated grid (if the grid is not visible,
click LMB on Mesh in the tree on the left).

Perform similar operations for the short edge shown in the figure below, except
that Number of Divisions = 6
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In Ansys Meshing press RMB on Mesh and select Insert->Method
With LMB select the tube (it will become green) and Apply.
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Numerical mesh is proper now.

The last step is to name the volumes and surfaces.
Press LMB filter of selecting bodies

;  J# Close Vertid Body (Ctrl+ B)|
With LMB select the tube and click RMB and select Create Named Selection
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With LMB indicate the outer surface of the pipe and click RMB, then select
Create Named Selection (the pipe was previously divided in half so now the
outer surface also consists of two parts; when choosing the outer surface, select
both shelves while holding down the Ctrl key).
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Similarly, create inner and side names for the inner surface of the pipe and two
side surfaces, respectively (for side surfaces, select 4 parts).
Close Ansys Meshing save project in Workbench.

6) In the CFX module, perform calculations of one-dimensional transient heat
conduction through a cylindrical wall. Set a constant temperature on the inside
of the pipe T1 = 100°C, while at the outer surface T, = 20°C. The thermal
conductivity coefficient should be implemented as temperature dependent
according to the following formula

A =2, (1+bT) 1)

Tab. 1. Parameters used in calculations

Ao b t dt
W/(m K) 1/K S S
40 -0,001 2 0.05

To do this, in Project Schematic drag the LMB on the CFX module
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connection has been created
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Click RMB on Mesh and select Update
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Double click Setup to run Ansys CFX program
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In the first step, you will create a steel material with a heat conduction
coefficient that is linearly dependent on temperature according to equation (1).
To do this, expand Materials in the tree and press RMB on Steel material, then
select Duplicate to create a copy.
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Create Expression with the name lambda0
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Double click LMB on SteelLinearThermCond to edit it
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In tab Material Properties expand Transport Properties and in the field

Thermal Conductivity click Expressions icon and next click RMB in the
field Thermal Conductivity and select Expressions->lambda. Confirm OK.
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Outline Analysis Type
Details of Analysis Type in Flow Analysis 1

Basic Settings

Option Transient

Time Duration

Cption Total Time
Total Time | 2[g]
Time Steps
Option Timesteps
Timesteps | 0.05 [s]
Initial Time
Option Automatic with Value
Time |D [5]
Double click LMB on Default Domain
w |g@ Mesh
&1 sys.cmdb

G Connectivity
A [EI Simulation
v [ Flow Analysis 1
G) Analysis Type

w Default Domain
1% Default Domain Default
¥ Interfaces

Apply the following settings and confirm OK.



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

Solid Models Initialization Saolver Control

Basic Settings
Location and Type
R

Location I Snlid_dumain|l
Domain Type Solid Domain -
-

Coordinate Frame Coord 0
Solid Definitions... B
Solid 1
[

Solid 1 B

Cption Material Library -

Material SteellinearThermCond w
Marphology =
Option Continuous Solid -

Domain Models

Domain Motion =
Option Stationary *
Mesh Deformation =
Option Mone -
Create a boundary condition named outer
5 & i
+
S £
- Mame |nu1:er|
Apply the settings as below

Cutline Boundary: outer

Details of outer in Default Domain in Flow Analysis 1
Basic Settings Boundary Details Sources
Boundary Type wall -
Location outer e

[] coordinate Frame



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

Basic Settings Boundary Details Sources Plot Options
Heat Transfer

Option Temperature

Fixed Temperature | EDI[C]
| m—

Create a boundary condition named inner

=] [ B I o 1 N % O
m o+ Insert Bound.., 7 W
B &

Name | inner|

Apply the settings as below
Outline Boundary: inner
Details of inner in Default Domain in Flow Analysis 1

Basic Settings Boundary Details Sources

Boundary Type wall -
Location inner w |
[] coordinate Frame
Outline Boundary: inner
Details of inner in Default Domain in Flow Analysis 1
Basic Settings Boundary Detzils Sources Plot Options
Heat Transfer
Option Temperature -
Fixed Temperature | lﬂDI[C]
| =——
Create a boundary condition named sym
= %o =a »¥
Insert Bound...
Mame |sym|
Apply the settings as below
Outline Boundary: sym
Details of symin Default Domain in Flow Analysis 1
Basic Settings
Boundary Type Symmetry -
Location | gide| w




Open Solver Control
v | Mesh
SYS.cmdb
[ Connectivity
~ [ simulation
A rﬁl Flow Analysis 1
(D Analysis Type
v [ & Default Domain
ii inner
7% outer
P+ sym
iﬁ: Interfaces
b solver
2" splution Units

EEGH‘EF Control
Output Control
,i\._ Coordinate Frames
User Locations
Transformations
A [EI Materials

Apply the following settings and confirm OK.

Outline Salver Contral
Details of Solver Controlin Flow Analysis 1

Basic Settings Equation Class Settings Advanced Options
Advection Scheme
Option High Resolution

Transient Scheme B
Option Second Order Backward Euler
Timestep Initialization =
Option Automatic
[ ] Lower Courant Mumber
[ ] Upper Courant Mumber
Convergence Control
Min. Coeff. Loops | 1 | |
Max. Coeff, Loops | 10 | |
Fluid Timescale Control B
Timescale Control Coeffident Loops
Convergence Criteria
Residual Type RM5
Residual Target 1=-8
|:| Conservation Target
[ ] Elapsed wall Clodk Time Control
[ ] Interrupt Control

Open Output Control



v @] Mesh
| s¥s.cmdb
[#1 Connectivity
hd [EI Simulation
~ [&] Flow Analysis 1
(BI' Analysis Type
v [»] 3 Default Domain
[ PE inner
ii outer
Pt sym
ﬁ:ﬂ Interfaces
hd Solver
&' Solution Units
ti‘g Solver Control

511 {Output Contro
;!t. Coordinate Frames
User Locations
Transformations
hd [EI Materials

Apply the following settings and confirm OK.




Outline Cutput Control
Details of Qutput Controlin Flow Analysis 1

8 injiEraa el

Viewl ¥

Results Backup Trn Stats Monitor Export
Transient Results =
>|‘:J Insert Transie.. 7 *
MName | ransient Results 1)
Cancel
Cutline COutput Contral 3¢ |
Details of Output Controlin Flow Analysis 1
Results Badkup Trn Results Trn Stats Monitor Export
Transient Results =
Transient Results 1
L]
Transient Results 1 =
Cption Standard -
File Compression Default -
[ ] output Equation Residuals
[ ] Exira Output Variables List
Cutput Frequency =l
Option Every Timestep -

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

the top of the screen, almost in the middle)

& g%,

By AP

L

G

] Y Global Initialization h

Apply the settings as below and confirm OK.

Cutline Initialization

Detailz of Global Initialization in Flow Analysis 1

Global Settings

[] coordinate Frame
Initial Conditions
Temperature

Option

Automatic with Value -

Temperature HEU [C] I




Close Ansys CFX.
Double click Solution to run Ansys CFX Solver Manager

|E| Analysis Systems | L
B4 DesignAssessment
#) Bigenvalue Buckling - A v E
8 ceor . e

Explicit Dynamics 2 Geometry " 2 @ sewp
@ Fisid Flow (cF) S @ e v ‘_/" s
@ Fluid Flow (Fluent) -
E Harmonic Acoushcs Mesh 4 @ Resmilts & 4
[ HarmonicResponse CFX

% IC Engine (Fluent)
(5] Magnetostatic

il Modal

E’g Modal Acoustics

fij RandomVibration
[l ResponseSpectrum
@ Rigid Dynamics

I staticAcoustis

kel Static Structural

Y steady-State Thermal

) ™hermal-Electric
) Torclogy Optinkziin Messages |

& Trensient Structural A

ﬂ Transient Thermal 1 Type

) Turbomachinery FluidFlow
|E| Component Systems

iy ACP(Post)

i1z ACP (Pre)

ﬁ BladeGen

@) CFX

& Engineering Data
External Data

@ Extemnal Model

E Fluent

n Fluent {with Fluent Meshing)
@ Geometry

[58 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 vista PR l

| T View All { Customize.., I

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

Apply the following settings and press Start Run. The program will perform
calculations. Wait a few moments for the message to complete the calculations.




&3 Define Run ? >

Solver Input File NCw1\Cwl_files\dp0\CRX\CFX\CFX.def | || =
Global Run Settings
Run Definiion | Initial Values ~ Partitoner  Solver  Inter | ¥}
Run Settings

Type of Run Full -

Double Predsion
|| Large Problem

Parallel Enviranment =

Fun Mode Serial -
Host Hame

desktop-1erkcpo

Show Advanced Controls

|I Start Run Save Settings Cancel

After completing the calculations, the program will display a message:



7)

®

N Y50 B EEEE @) HHMe BE x»

Workspace Run CFX 001 -
Heat Transfer B outFie
1.0e400 o Job finished: Sun Mar 15 15:32:06 2020
Total wall clock wime: 3.473E401 second
or: ( o: o 34.733 )
¢ Day: Hours Minutes Seconds )
1.0e-01 End of sclution stage.
| The following vransient and backup files written by the ANSYS CFX |
e a e |
10024 3 Solver Run Finished Normally X [L/Cwl_pending/dpd_CF- |

mpleted normlly.

at: niedz. 15. mar 15:32:06 2020

its are in

YDAKTYKA/PRZEDMIOTY W2PCP /D Cwiczenia/Cw1/cw1_files/dp0/CFX/CFX[CFX_001.res

\riable Wslue

1,003 -
1.0e-04 o
| The results from this run of the ANSYS CFX Solver have been I
ccccccccc I
| ©:/DYDAKTYRA/DRZEDMIOTY/WERCR/ D/ Cuiczenia /Cul/Cul_pending/dp0_CFX- |
1.0e-05 o | _Solution/CFX_00l.res I
™~ | For CFE zums launched from Workbench, the final locations ef I
1.0e-06 - | airectories and files generated may differ from those shown. |
T T T T T T T T 1
0 5 10 15 n 5 30 35 “
Accumulated Time Step
‘ AMS TEnargy | |mmas zun of wne ansYs cax Soiver nas finisnea.

Confirm OK and close Ansys CFX Solver Manager. Save project in Workbench.
The report should present the contours of the temperature distribution in the
cylindrical partition for times: 0; 0,1; 0,2; 0,3; 0,4; 0,5; 1,0; 2,0 s. In addition,
the numerical solution of the wall temperature distribution for 2 s should be
compared with the analytical solution on one chart (2)

T(r):% (iJ BT @
Ao 7

where A1 = A(Ty), r is pipe radius, r1 inner pipe radius, q. linear heat flux given
by (3)
Tl _Tz

In 3)
n

ql_:

27A,,

where A is the average value of the thermal conductivity coefficient of the pipe
material.
1 1 4
I =5 [2 () + 2(T)]=5 (2 + 1) )
Double click LMB on Results to run Ansys CFD Post and see the results.



Schematic

|E| Analysis Systems | ~
Design Assessment

Eigenvalue Buckling - A -/ B

e 1 1
Explicit Dynamis 2 Geometry ‘-/—Il @ sewp v,

Fluid Flow (CFX) =l
3 Mesh v
Fluid Flow (Fluent) ﬁ 4

Harmonic Acoustics Mesh
Harmonic Response
IC Engine (Fluent)
Magnetostatic

Madal

Modal Acoustics
Random Vibration
Response Spectrum
Rigid Dynamics

Static Acoustics

Static Structural
Steady-State Thermal
Thermal-Electric

ECHENEEEEENRERREEEE

Messages
a Transient Structural &
Transient Thermal 1 Type
g3 Turbomachinery FluidFlow

| B Component Systems
iz ACP(Post)
iz ACP (Pre)

ﬁ’ BladeGen

@) CFX

Q Engineering Data
External Data
0 External Model

Fluent

Fluent (with Fluent Meshing)

Geometry

ICEM CFD

Material Designer

Mechanical APDL

Mechanical Moda

Mesh

Micros oft Office Excel

Performance Map

Resultz

System Coupling

Turbo Setup

Vista AFD

Vista CD

Wista CPD

| T View All [ Customize.., |

g
)
-
o
=
Q
L]
=4
E'
a

IfSc@ooweeosECAR

W

| ® starting CFD-Post...
From menu Location select Plane




& B4: CFX - CFD-Post
File Edit

Outline Variables Expressions
v U}‘j Cases
@@ Case Comparison
v @ CFX at 2s
v (& Default Domain
CP€ inner
9% outer
O9% sym
> @] Mesh Regions
v @ User Locations and Plots
Y pefault Transform
(A [} pefault Legend View 1
M @ wireframe
v (&) Report
&> Title Page
> & File Report

Monitor Session Insert

Tools Help

Isosurface

Iso Clip

Vortex Core Region
Surface of Revolution
Polyline

User Surface

Surface Group

Turbo Surface

Turbo Line

SO FHLCAST O\ %

Apply the following settings and confirm Apply.
Details of Plane 1

Geometry Color Render View

Domains |AJI Domains - | IZI
Definition =
Method I|‘|"Z Plane - |

X |0 [m] |
Plane Bounds =
Type |None v |
Plane Type s
(®) Slice () Sample

Click LMB on X axis



Uncheck the visibility of the previously created plane.
* g iCases

ﬁ Case Comparison
v CFX at 2s
v (& Default Domain
D't inner
C1PE outer
9% sym
> Mesh Regions
v User Locations and Plots
i" Default Transform
? Default Legend View 1

Wireframe
v Report

[]&]: Title Page

Choose contour creation and confirm OK.

La

== : am

Turbo

& Insert Contour 7

MName | Contour 1

Apply the following settings and confirm Apply.

[ oc | | concd

— <




Details of Contour 1

Geometry Labels Render View

Domains All Domains -
Locations Plane 1 =
‘ariable Temperature -
Range Global -
- 293,145 [K]
— 373.91[K]
# of Contours |11 = |
Advanced Properties
Select Timestep Selector
LEEZTTI o licdtO x| EE AW |OE 4/ £4 = ee b
and by changing the simulation time, observe the temperature changes over
time
b @] Cases -
1|z .
om Case Comparison
v [g] CFXat0.15s
v (& Default Domain
Dii inner
C]PE outer
CIPE sym
[EI Mesh Regions
v .
& Timestep Selector x
CFX
Loaded Timestep: 3
- Step  Solver Step Time [s]  Type L
W1 ] ] ] Full u o
ol | |2 1 1 0.05 Full =
Ol |3 2 2 0.1 Full x
o 3 3 0.15 Full
5 4 4 0.2 Full i =
i = 5 5 0.25 Full =
7 & 6 0.3 Full -
(8 7 7 0.35 Full -
9 8 3 0.4 Full -
10 9 9 0.45 Full I =
11 10 10 0.5 Full F
12 11 11 0.55 Full =
13 12 12 0.8 Full o =
4.4 47 47 Fal r | i | | 45 [K]
Reset cose | 1M

# of Contours | 11

Advanced Properties



1) After saving contour pictures for the times 0; 0,1; 0,2; 0,3; 0,4; 0,5; 1,0; 2,0 s.
turn contour visibility off
v [® cases
ﬁ Case Comparison
v &) CFXat0.15s
v [ Default Domain
C1PE inner
Dlt outer
(1P sym
> Mesh Regions
v User Locations and Plots
Contour 1
g Default Transform
B [}} Default Legend View 1
Dﬂ Plane 1
[+ & iwireframe
v Report
Create lines with Location->Line
WY BS:LFA - LFrU-FOST
File Edit Monitor Session Insert Tools Help

FRE D@ 9 Boewns | BRI

Outine  Variobles _ Expressons 4 Pont {
v g) cases %+ Point Cloud
Wosoronen /o
v @ cFxato.15s @ Plane
v (@ Default Domain
9% inner ? -
9% outer 0 Isosurface
O9% sym @ IsoClip
- @| Mesh Regions ¢ Vortex Core Region
v
& Timestep Selector 3 Surface of Revolution
o A/ Polyline
Loaded Timestep: 3 5 Lhe S
- i%i surface Group
=  Step SolverStep Time[s
vt 0o o 0 ¥ Turbo Surface
=iy 1 1 0.05 .
D |3 2 0. e

2
Apply the following settings and confirm Apply.



Details of Line 1
Geometry Colar Render View

Domeine Al Domains g E
Definition
Method Two Points -
Paint 1 [0 [0.02 o |
Paint 2 o [0.017 o |

Select the chart creation icon and confirm OK.

X EIE ; DT "y e M
&3 Insert Chart ? *

ORCRORE

Name [SEEE]

Apply the settings as in the figures below



Details of Chart 1

General ¥ Axis Y Axis Line Display Chart Display

Specify data series for locations, files or expressions
Series 1 (Line 1)

X0

)
Mame |5eries 1
Data Source
’ L]
() File 2
() Monitor Data
[ ] custom Data Selection
Details of Chart 1
General Data Series ¥ Axis Line Display Chart Display
Data Selection
Boundary Data Hybrid Conservative
[ ] Take absolute value of data points
Axis Range
Determine ranges automatically
Min |-1.0 Max |1.0 +I

[] Logarithmic scale [ ] Invert axis

Axis Mumber Formatting
Determine the number format automatically

Predision 3 ¥ | Sdentific -

o

Axis Labels
Ise data for axis labels

Custom Label | X Axis <units=



Details of Chart 1

General Data Series ¥ Axis Line Display Chart Display

Data Selection

Varizble -

Boundary Data (®) Hybrid () Conservative
[ ] Take absolute value of data points

Axis Range

Determine ranges automatically

Min |-1.0 Max | 1.0 *i
[] Logarithmic scale [] tnvert axis

Axis Mumber Formatting

Determine the number format automatically

Predision 3 + | Sdentific
Axis Labels
IUse data for axis labels

Custom Label | Y Axis <units>

Confirm Apply. To view the chart, select the tab Chart Viewer

Title
380

370

360

350

3
I

330

Temperature [K ]

320

310

300

0,017 0,0175 0,018 0,0185 0,019 0,0195
Yim]

—— Series 1

csv file.

To compare numerical and analytical results, export the numerical results to a



Details of Chart 1

General Data Series ¥ Axis ¥ Axis Line Display Chart Display

Data Selection

Variable Temperature

Boundary Data (®) Hybrid () Conservative

[ ] Take absolute value of data points

Axis Range
Determine ranges automatically
+i

Min |-1.0 Max |1.0

[] Logarithmic scale [ ] nvert axis

Axis Mumber Formatting

Determine the number format automatically
Sdentific

Y
-

Predsion 3

Axis Labels
IUse data for axis labels

Custom Label | Y Axis <units>

| Apply I I Export I Reset Defaults

Set name num_res and save. The location of the file is shown at the top of the
dialog box and is different on each computer.




& Export X
Lock in: I G:\DYDN(TYKA\PRZEDMIOTY\WZPCP\D\,Cwiaenia\,Cw1‘|,Cw1_ﬁ\es\user_ﬁ|esI ~ QO 0 = =
‘ My Computer MName Size Type Date Modified
 Documents
a przemek
user_files
File name: |r|um_res| | I Save
Files of type: | Comma Separated Values {*.csv) - Cancel
svn T ] ——

8) Calculate the heat transfer through the pipe
Create table

¢ = BIl= £ W M
&3 Insert Table ? |

Name 7Y
................. = Cancel | |-

Make sure the results for t = 2 s are loaded (Timéstep Selector icon). Into cell
Al, paste the expression calculating the area integral of heat flux on the outer
surface of the pipe

=arealnt(Wall Heat Flux)@outer

and press Enter. Into cell B1 paste the expression calculating the area integral of
heat flux on the inner surface of the pipe

=arealnt(Wall Heat Flux)@inner

Table 1
Al | =arealnt{Wall Heat Flux) @outer,
A B C
1 -2.851e+03[W]  2.851e+03 [W]
2

9) Additional task: Create an animation showing temperature changes across the

pipe (help:
http://fluid.itcmp.pwr.wroc.pl/~pblasiak/CFD/Useful Information/animationCF
X.jpa)

Results to be included in the report:
2) contours of temperature distributions in a cylindrical partition for times: 0; 0,1;
0,2;0,3;0,4;0,5; 1,0; 2,0ss.


http://fluid.itcmp.pwr.wroc.pl/~pblasiak/CFD/UsefulInformation/animationCFX.jpg
http://fluid.itcmp.pwr.wroc.pl/~pblasiak/CFD/UsefulInformation/animationCFX.jpg

3) compare on one chart the numerical solution of the wall temperature
distribution for time t = 2 s with the analytical solution (2)
4) present in the table the heat flux calculated numerically and analytically (3)



