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INTRODUCTION

This tutorial has been created to show the steps required to set up a transient model and then how results
might be viewed in the Analyze Results.

The tutorial assumes that you fairly familiar with Simcenter Flotherm and its menus and know how to
create simple geometry and apply attributes. The model consists of only two cuboids of different
materials and with a periodic heat load to one of them. The model is not intended to represent any real
world application but merely to explain the functionality of the software.

FUNCTION AND LIMITATION

Transient profiles can be applied to source attributes, thermal attributes and ambient attributes for
temperature and radiant temperature.

Solar radiation cannot have a transient profile applied and remains a steady state calculation. Please
contact your local support for advice on how to model a transient solar radiation application.
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TUTORIAL EXAMPLE
Start Simcenter Flotherm. If Flotherm has already been started, select [Project/New]. Load the Default SI
project.

8% Mew Project 7 >

Application Examples Defaults atx btx Set Default

Defaultsl Delete

W Defaultls

New Project Dialogue

Use Save As to save the new project with the name “Transient Tutorial”.

A
X

Save Project

Project Mame | Transient Tutorial

Title | Default Project with SI Units

MNotes

Save As Template
Solution Directory |gram Files\MentorMA\flosuite_v13Yflotherm\louser{Training’, Browse...

Save With Results

Save Project window
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In the Project Manager window click on System in the Model Tab. In the property menu below select the

Location tab and change the size of the overall solution domain to: X=0.2m, Y=0.2m, Z=0.1Tm

The position of the domain should remain as (0, 0, 0) m

8% Transient Tutorial - Project Manager - Simcenter Flotherm 2019.2

Project Edit

B G & & W M~

Model Setup Model Solver Control | (7]
@ =R F Transient Tuteorial
.
<1> ----- i Root Assernbly
<
L a J
Location Boundaries Motes | 0
ﬁ Mame |System
ﬁ Position X 0 -
Y |0 -
[rrim]
‘Iﬁ' 7 o -
v
(£ Size X 0.2 -
%ﬂ* Y 0.2 b
Z 0.1 -
=

View Geometry ModelSetup  Grid

Q) 444 088

Macro

W

System Domain

Attach an ambient attribute to the system. Click on the “Model Setup” tab; Enter 35C in the field for

“Default Ambient Temperature”
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Project Edit

View Geometry Model Setup  Grid  Solve

BoasaMNMME«» |

IR RON -

oY

185 Transient Tutorial - Project Manager - Simcenter Flotherm 2019.2

Macro  Window

oy DB 052

Model Setup Model Solver Control 0
Type of Solution | Flow And Heat Transfer w7
Dimenzionality | 3-Dimensional b
Radiation | Radiation Off v
Joule Heating | Joule Heating Off h
Solar Radiation on [ Click To Edit l
Transient Salution on [ Click To Edit l
Fluid | Air at 30 DeqgC, 1 atmosphere Edit
Gravity | Mormal h
Direction | - v
Value | Automatic M
Turbulence | Turbulent M
Turbulence Model | Automatic Algebraic w7
Pressure |1 Atm w7
Default Radiant Temperature | 35 oC ~
Radiant Transient | Mo Attachment -
Default Ambient Temperature | 35 C w7
Ambient Transient | Mo Attachment -

Ambient Setting

Using your preferred method create a cuboid with the following specifications:

Location (0.05, 0.05, 0.035) m; Size (0.1, 0.1, 0.01) m
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Name the cuboid "Base” in the property menu.
Set the material of the cuboid to Aluminum (pure)

Location Attachments Motes | 0
Mame | Base
Position X | 0,05 m -
¥ 0,05 m I
£ 0,035 m o
Size¥X 0.1 m -
¥ ool m 7
Z 001 m e
Colapse | Mo Collapse v
Localize Grid
De-activate
Hide
Location | Attachments | MNotes | 0
Material | Aluminum (Pure) “ Edit

+ Surface | [Polished Plate Aluminic | Edit

+ Surface Exchange | Mo Attachment - Edit

Thermal | Mo Attachment - Edit

+ Radiation Mo Attachment - Edit

+ Grid Constraint | Mo Attachment - Edit

Base Cuboid
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Then create a second cuboid with specifications:

Location (0.09, 0.09, 0.045) m; Size (0.02, 0.02, 0.02) m Material: Copper (pure)

Name the cuboid "Heated block”.

Create monitor points for each cuboid by highlighting them in the Project Manager and clicking the

monitor point icon.

Model Setup Model Solver Control |

= F Transient Tutorial
B €8 System
= 052 Root Assembly

Location Attachments Motes |
Mame

Position X

Collapse | Mo Collapse

Localize Grid

De-activate

L

Project
Manager
Create

v 8

Monitor point

You can now check the grid settings.
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In Project Manager go to [Grid/System Grid], or click the grid icon,

Make sure “Override All” in the drop down menu for “Direction” is selected and set the minimum size to

0.Tmm and the maximum size to 7mm.

Maximum Aspect Ratio ' 1,333338

Total No. Cells ' 15376

System Grid (2]
None Coarse Medium Fine
Direction | Override All v
Minimum Size 5

0.1 mm v
Min. No. /Max. Size | Maximum Size v

Maximum Size ° {_}
7 mm v

Smoothing

Grid Settings

The second cuboid will be heated via a pulse of 10W for 1s, and then no heat for 1s repeated over 30s for

the transient model.

To set the pulsing heat function, Select the heated block in the project tree and click on “Attachment”

tab in the property menu. Create a new thermal attribute named “10W pulse”. Keep the default

conduction thermal model and set the total power to 10W.
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This would give a steady input of 10W, to set up the pulsing behavior we use the transient profile.

March 30, 2020

Location = Attachments | Notes | 2
Material A Copper (Pure) v Edit
+ Surface | [Polished Copper] v | Edit
+ Surface Exchange No Attachment v l Edit
Thermal 10 W Pulse v Edit
+ Radiation ' No Attachment v [ Edit
+ Grid Constraint A No Attachment v Edit
Attribute Data | Notes | 9
Name 10 W Pulse
Thermal Model ' Conduction v
Total Power 10 w v
Transient Attribute No Attachment v Edit }

Thermal Attribute
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In the “Transient Attribute” drop down list, shown in Figure 7, create a new transient profile called
“pulse”. Use the function option and create a new sub-function called “pulse 0-2s". Choose the pulse
type from the drop down menu for Sub-Function Type. Set the “Start Time" to 0S and “End time" to 2S,
“Amplitude” to 1. Leave "Rise Time" and “Fall Time" at Os, and change the “High Time" to 1s. Switch on

the Periodic function so the pulse is repeated over the whole transient time period.

= (%) Transient

Pulse

Mame

Type

Cverlap

Function Time Chart

Multiplier vs. Time Multiplier vs. Temperature Motes

Pulse
XK Activate
Function

Add

Click To View

Name

Start Time (s) End Time (s}

Pulse 0-2=

Sub-Function Type
Amplitude

Rise Time

High Time

Fall Time

Sub-Function Time Chart

Tstart

T end

0 2

Pulse

Click To View

% Periodic
0

2

Figure 8 Transient Function

You could alternatively set the amplitude to 10 and set the thermal attribute with TW rather than 10 —
the profile amplitude will multiply the thermal setting. However it is best practice to vary the amplitude

between -1 and 1.
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You can view the sub-function by using the “Click To View" button — the pulse is shown in a new window,
Sub-Function Tim Chart:

Multiplier vs, Tme | Multiplier vs. Temperature | Notes o
Mame | Pulse
R/ Activate
Type | Function ~
- Overlap | Add -
U2 Sub-Function Time Chart ? K
Function Time Chart Click To Wiew
| Name StartTime(s) | EndTimets) | | |
1 N | |puise0-2s 0 2 +
.
“
.
0.8

506 ﬂl\)?uncﬂan Type | Pulse -

) mplitude | 1

== ® Specified Curve >
Z04 Rise Time |0 s -2
High Time | I~ s -
0.2 -
Fal Time |0 ., s -
0 Sub-Function Time Chart Click To View
"] 0.2 0.4 0.6 0.8 1 12 1.4 16 18 2 —_—
Time (s) R/ periodic

Tstart |0 5 =
Close Tend |2 s )

View Transient Function

Close the "Sub-Function time Chart”.
Now you have set up the transient function for the objects in the model. You need to set up the transient

solution data.

In Project Manager Click on “Model Setup” tab. Switch On the “Transient Solution” and then “Click to
Edit” to open the "Transient Solution” dialogue.

Model Setup Model Solver Control 7

‘ Type of Solution ' Flow And Heat Transfer
Dimensionality = 3-Dimensional

Radiation ' Radiation Off

Solar Radiation On | Click To Edit

Transient Solution % On Click To Edit

Overall Transient Controls
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Under the “"Overall Transient” controls: enter “Total End Time" of 30s, and “Period Duration” 30s.

The “Time Step Distribution Plot” part of the dialogue shows in pink the times when any of the transient
functions defined in the model (shown in the “Transient Functions” part of the dialogue) start and/or stop.

In this case a pink line is shown at 2s intervals since our pulse function is defined over a 2s period.

052 Transient Solution

Overall Transient

Number Of Steps
Smallest Step Size

Smallest Step Location

Total Start Time
Total End Time
Period Start Time
Period Duration

Keypoint Tolerance

Transient Functions

Pulse

Save Times
Every Nth Step | 1

Value |0

| Transient Solution
15
2

0

0
30
0
30

1e-05

5 -
5 -
s -
s -
s -
s -
s -
Populate
Add

Delete Al

Time Patches

Name Start (s) End (s)
| I

L +

Time Step Distribution Plot

T >
Steps Type [ |']
Steps [ I%]

Distribution Type [

Index [

AutoCreate

18
18

(s)

alz2

ime Ste

0.8
05
0.4
0.2

15
Time (s)

30

Cancel
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When you highlight a transient function in the list the shape of the function is shown in the distribution
plot.

U'ﬁ_'; Transient Selution ? >
Overall Transient Time Patches
X Transient Sclution | MName Start (s) End (s) Steps Type [ ‘ ']
Number Of Steps | 15 | + Steps [ }%]
Smallest Step Size | 2 s hd Step Size :] 5 -
Smallest Step Location |0 B = Distribution Type [ ‘ ']
Total Start Time |0 s - e ]
Total End Time | 30 s ~7
Period Start Time |0 s ~7
Period Duration | 30 s ~
Keypoint Tolerance | 12-05 s - AutoCreate

Transient Functions

il

2 T 1
Save Times - | | [ } 5
B
Every Nth Step | 1 = Populate L6 08 £
- 14 E

=

Value 0 Add all | | | 06 §
K] | 5
n 1 | g
% | | o
Fos | | 2
Delete Al 0.4 | | 0.2 .E
-
0.2 L =
=

S mm— 1 L LD 0

o] 5 10 15 20 25 30

Time (s)

Transient Function Overlay

Time patches can be created manually or automatically. "AutoCreate” option in Transient Solution dialogue
uses the transient functions to create patches that span function change (in this case each pulse). These are
named by time span and can be edited one at a time or multiples together by highlighting in them in the
list and changing their attributes.
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Click the "AutoCreate” button to the right of the “Time Patches” section to create automatic time
patches based on the pulse transient function.

For “Steps type” select “Additional Steps” and set “Steps” to 59 so each time patch has a total of 60 time
steps within it. Under “Time Step Distribution” select “Increasing Power” and set it to 1.1.

This changes the time steps within a time patch from equal length to increasing length. This is useful when
large changes occur suddenly within the model (like a power source being switched on) and allows for small
time steps when the rate of change in the model will be highest, the time steps can increase in length as the
solution continues and the rate of change decreases.

Ug Transient Selution ? *
Overall Transient Time Patches
% Transient Solution Name Start (s) End (s) Steps Type | Additional Steps nd
Number OF Steps |00 fime Faten 3 N ° - Steps |59 z
Time Patch 4 ] 8 =
Smallest Step Size | 0,02213333 5 - e Batch 5 p o Distribution Type | Increasing Power ™
ime Patc| =
Smallest Step Location 5 = Ind:
Time Patch 6 10 12 = naex {11
Total Start Time | 0 5 = Time Patch 7 12 14 =
Total End Time | 30 = - Tirme Patch 8 14 16 =
T, C} . - Time Patch & 16 13 =
Time Patch 10 18 20 =
Period Duration | 30 s ~
Tirne Patch 11 20 22 = AutoCreate
Keypoint Tolerance | 1e-05 s ~ .
Time Patch 12 22 24 =
Time Patch 13 24 26 -
Transient Functions
Tirme Patch 14 26 28 =
Pulse
Time Patch 15 28 30 + | - E
Time Step Distribution Plot
0.04
Save Times
0.035
-
Every Nth Step | 1 = Populate 0.03
-
w
Value 0 Add & 0025
% 0.02
Delete ]
% oo
=
Delete Al 0.01
0.005
1]
a 5 10 15 20 25 30
Time (s)

Time Patch Setup

You need to add in the times you want to save data for so that results can be interrogated with respect

to time.
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You can automatically populate the save time list for every nth time step by using the “Populate” button.
Alternatively use "Add” to manually enter times when data should be saved. Under “Save Times" enter 5 for
"Every nth step” and click "Populate”

Save Times
Every NthStep 5 : Populate
Value 0 Add

0 |:| \ Delete

0.129996 ‘

0.278653 — | Delete Al
0.435275
0.597306
0.76348
0933033
110545
1.28035
145746

1.63656
121745

KD

Save Times

If you manually enter save times Simcenter Flotherm will create a save point at the end of a time step
closest to the time you specified.

The Transient Solution set-up is now complete so click OK to save and exit the dialogue.
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You can use monitor point convergence criteria to check for convergence at each time step.

In Project Manager go to “Solver Control” tab, set the outer iterations to 10 and Switch on “Monitor
Point Convergence for Temperature”. Set the required accuracy to 0.1 deg C but leave the other settings
at their default values.

Model Setup | Model | Solver Control 7]
Solver Option | Multi Grid b
Outer Iteration | 10 :

Fan Relaxation | 1

Activate Plate Conduction
|Ise Double Predision Solver

Metwork Assembly Block Correction

Multi Grid Damping
Freeze Flow
Error Field
Estimated Free
Convection Velocity 0.2 mjs v
Monitor Point

Monitor Point Convergence
For Temperature

Required Accuracy | 0,1 °C

Mumber of Iterations | 30

1k

Residual Threshold | 10

Maonitor Point Transient
Termination Criteria

Monitor Point Convergence

This setup ensures that the solution at a given time step will be considered to be converged if the monitor
point temperatures are within 0.1 deg C over 30 iterations and all the residual values are also below 10.

You can now solve the model.

In Project Manager go to [Solve/Re-initialize and Solve]
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As the project solves you can see how the monitor points follow a saw-tooth pattern as the blocks are
heated and then cool slightly when the power is off.

ﬂﬁ'; Transient Tutorial - Profiles - Simcenter Flotherm 2019.2

— O *
Profiles
= l
RE~
Residual Iterations v Timel - Maonitor Points v Time1
Residual Iterations v Time 1 Monitor Points v Time 1
1000 309.6
309.4
309.2
-
100 B Pressure 2 35
— o
] W ¥ Veloci 5
:E .ty Ba08.3 B Heated Blodk
® @Y Velocity [
g g B Base
B 7 Velocity 5308 5
10 B Temperature =
308.4
308.2
1 303
u] 5 o 15 20 25 30 u] 5 o 15 20 25 30
Time (s) Time (s)
Time: |30 Step: |S00 Iteration: 2

Profiles Window

Once solved you can investigate the project results in Analyze Results.

March 30, 2020 Page 16 of 18



Simcenter Flotherm Transient Modeling Update Tutorial for v2019.2

If Analyze Results in not already open, click the [] icon.

By default the results for the final time step are loaded (results for t=30s in this case) To
load results for a different save time, select the time from the drop down on the top right-
hand corner.

6§ Transient Tutorial - Project Manager - Simcenter Flotherm 2019.2 - o x
Project Edit View Geometry ModelSctup Grid Solve Macre Window Viewer Analze Help
PooHHamwE#ddr 99 r(gn/dgEDHNeef ««n 2 _ Current Slcton ade
Model Setup | Model | Solver Control | ©  andyz= Transient Time 5 s -
@ = E‘“'I;én;\ent'rutonal B scolfs Fiee 253
- ystem — Vechor Fiel 28.76346
N # System Grid 2 Plahe Plot| 28.93303
N - 08 Root Assembly @ Suface Pl 22
. - Base in @ i Parkcles | 79,30
B Heated Block @ g @ lsosiface 2363655
# 7 Heated Block @ [ Animag
@ Base [T “A Annotati
#? £ Saved Tabled
B Viewpoint
@ (" ||[ite: Defauit Project with 1 Units | | Files\Mentorta\flosuite_v 13\fotherm\fiouser Trainingl [Number of Objects: 5 || Total Number of Grid Cels: 15376 | [Maximum Aspect Ratio: 1.333338 | =
|

Loading Save Time Data

Once the data is loaded for a particular time step you can display results in graphical space in the usual
way.

You can also create animations that show a particular plane plot or surface plot and how it changes over
the course of the transient simulation.
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Create a plane plot on the X axis at 0.1m and display temperature. Change the transparency of the two
cuboids on the left hand side. In the top right side of the window, expand the “Animation” menu and
highlight “Transient Time Step”. In the property sheet below switch-on the transient settings, and set
the minimum and maximum save time values to the extremes.

05§ Transient Tutorial - Project Manager - Simcenter Flotherm 2019.2 — [m] b4

Project Edit View Geometry ModelSetup Grid Solve Macro Window Viewer Analyze Help

BoaWME@m = & @

Model Setup | Model

_ Solver Control

ru@9@ [z 2 [GOEHEEHEes P
o

Location | Attachments | Motes

Name |

Position X |

3

2

2

2

e TcalcaisicalcE

4 4 B P P » curentSelectonMaode”

| Transient Time Step | 22.93303 MRE -
- I Transient Tutorial [ I Scalar Fields
+@ 5‘)‘“:'” o @ [ Vector Fields
v F t!r:tém b:' [ Plene Plot
oot Assem!
I 2 : ly Plane
@ Surface Plot
Heated Block 7. Particles
f @" Heated Block @ Isosurface
@7 Base & B Animation
#? B Transient Time Step
- Plane
A Annotation
7] Saved Tables
; B Viewpoint
E
% on
Transient is Relative

=] J
=] J

Minimum Value | 0,1299952

Masimum Value | 30

Colapse | No Collapse

Localize Gid [No

De-activate |

|| Hide

Transparency

@@“{'ﬁuazo fauit Project with ST Units |s\MentorMa\fiosuite _v13

iserTraining) | [Number of Selected Objects: 2 | |[Total Number of Grid Cells: 15376 | [Maximum Aspect Ratio: 1.333338 |

3]

Transient Animation

Use the controls in the animation toolbar to play and control the animation.

4 4 B M > H

Animation Controls

ot

Use the output animation icon [ ] to save an “.avi" file.

In the "Results” property sheet there is an option to switch on “Transient is Relative”. Switching on
this option will set the animation process to be timed proportionally to the actual time values.
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