TAITherm 2021.1 New Features
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View Results in Advanced Grahics

» Display results in
Advanced Graphics

—aster interaction

- Lower memory
requirement

- Smooth look and
feel

* Perspective View
option

- Note: Additional
features to be
migrated in future
releases
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Calculate Optimal Value

» Achieve stability while
improving speed

« Demonstrated 30%
speedup for one complex

model
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Faster View Factors & Apparent Area

» Algorithmic optimizations View Factor Calculation
improve speed o
» 10-50% VFES time reduction 200000

- 27% reduction demonstrated

on production UH/UB model Emoooo
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Part Level (sub-segment) Local
C O m f O rt i

- Report Berkeley Comfort and Sensation for
each part in addition to the 19 Berkeley
Segments

- Gain more insight into highly localized
heating/cooling
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NOTE: See support site article for instructions to access this feature



Skin Wettedness and Wettedness
Comfort

+ Provides a 2" opinion of comfort Very Comfortable
IN warm environments

+ Skin Wettedness = Qqya5/ Qeyap,max

+ Wettedness Comfort is a linear Slightly Comfortable
function of skin wettedness ,

- Whole Body Comfort
- Local Comfort

Comfortable

Slightly Uncomfortable

NOTE: See support site article for Uncormfortable
instructions to access this feature

Very Uncomfortable




Additional Improvements

» CFD import mesh mapping accuracy

- More command line operations supported in “server mode” with
CoTherm

» Python user scripts additional modules and API functions
» Berkeley Set Points Utility now supports custom file names




CoTherm 2021.1

Updates & New Features

Joshua Pryor | CoTherm Product Manager

THERMO %,

ANALYTICS



Updated Look & Feel :

- thermal-fluent-steady-state-coupling® - CoTherm *
File Edit View Process Help
B e 2 ©C ®
ROBEES R ECISE:] ©
Key Properties  Document Process Canvas Monitors  Plots
Document g X T Monitors g X
Filter [l thChec:( Jun i Filter
ermal befo...
¥ Files Resources - | Maximum Average FT - box part ST - Box FT - box part | ST - Box part
D CED model Eil > surface te... | surface te... | max wall t... | bottom - m... [ avg wall te... | avg temp
0 iles ~_____ |0 —— = - —
Thermal model Menitors D ) 0.0899353 | 0.0143099 436.775 90.4946 21 5
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l¢ Thermal model coupled parts . . > ) )
v Tools Variables 4 Boolean Variable Import CFD 2 Run 5 522.015 621 806.328 546.501
A Fuent e Computational Options Variable — et p B TaTherm A 0.00946045 A 0.00415039 | A0.00219727 | A 0.00213623 |A 0.000427246
i 4 3 < FP - inlet
) TAITherm Basic Tasks PoF Curve Variable = = e
v Basic Tasks Compound Tasks  * 2= Defined Choice Variable
@ Check export EnSight enabled Fluent Tasks * @ Python State Variable Update
@ Check import results needed MATLAB Tasks * [ Selection Expression Variable A thermal varia...
(?) Check run thermal before CFD OpenfOAM Tasks * E Table Variable
[] start STAR-CCM+ Tasks * Thermal Critical Frequency Variable
 Update thermal variables TAITherm Tasks » [ |:_:> Bxport surface
v TAITherm Tasks temperatures
[—:> Export EnSight results —
E Export surface temperatures
[€- Import CFD results Check expDrng

Run TAITherm

EnSight enab...

Inspector
Start

Filter

Property  Value
Description Start

lcon @ Initial State
Notes
Color . Automatic

Connection Check run thermal before CFD

Message Window  Journal Window  Notes
Message Window g X
Q search ‘ 4 )
Invoking Thermal Sclution...
Adjusting the aggregation damping factor to conserve memory.
Time spent computing thermal results (sec): 3
Thermal Solution Complete
The Thermal Solution successfully completed.
TAITherm reported: Run complete. Status: 0
Running process item: Update thermal variables
Updated: Average surface temp change = 0.014305866386547423
Updated: Maximum surface temp change = 0.089935302734375
Updated: ST - Box back — middle - bottom = 59.935315429€8752
Updated: ST - Box back — middle - top = 43.77687988281252 v
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Add a new Fluent Result Variable

98%




Improved Python Integration

« Python State Variable allows the same
Python environment to be used by multiple
tasks

 Python Variable represents a single variable
within a Python state

- Benefits:

- Python libraries and objects can
represent persistent models/simulations

- Data exchange to/from Python is much
easier

- Python output variables can be easily
monitored
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Resources
Files
Monitors
Plots
Selections
Tools
Variables

Tasks
Basic Tasks
Compound Tasks
Fluent Tasks
MATLAB Tasks
OpenFOAM Tasks
STAR-CCM+ Tasks
TAITherm Tasks

T
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Boolean Variable

Computational Options Variable
Pf Curve Variable

82— Defined Choice Variable

[ ot Python State Variable

5 Selection Expression Variable

@ Table Variable

Thermal Critical Frequency Variable
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Resources
Files
Monitors
Plots
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Tools
Variables

Tasks
Basic Tasks
Compound Tasks
Fluent Tasks
MATLAB Tasks
OpenFOAM Tasks
STAR-CCM+ Tasks
TAITherm Tasks

*  Counter Variable

il Fxcel Variable

Jfx Expression Variable

I\ Fluent Result Variable

4\ MATLAB Variable

Optimization Variable

(o Python Variable

> STAR-CCM+ Result Variable

8 TAITherm Convergence Variable
2 TAITherm Result Variable

Inspector
Python State Variable

Filter

Property Value

Description Python State Variable
lcon A Python

Notes

Global Resource [_]

Symbol PythonStateVariable
Inspector

Pyvthon Variable

Filter

Property Value
Description Python Variable
lcon A Python
Notes

Global Resource L]

Symbol PythonVariable
Variable Monitored

Python State Python State Variable
Python Variable Name x




Python States & Variables

Example:

Fibonacci Sequence

Inspector
Execute CoTherm Journal Task

Filter

Property Value

Description Initialize python

lcon Run Command
Notes

Color . Automatic
Connection Run python

Python State Python State Variable
CoTherm Journal File Python initialize code
Additional Arguments

Edit File Contents

[Fib sequence=[0, 1]

'- Igﬁﬁlciie . — .m,ﬁ Run python

Inspector

Execute CoTherm Journal Task

Filter

Property Value

Description Run python
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: Connection Update variables
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Update
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Inspector

Variable Update Task

Filter

Property Value
Description Update variables
Icon C Update
Notes
Color . Automatic
Connection Max steps reached?

v Variables to Update

Python Fibonacci number [/ == == == == = e o o o

Run count

===

Inspector
Python Variable

Filter

Property Value

Description Python Fibonacci number
lcon A Python

Notes

Global Resource []

Symbol Python_fib

Variable Monitored

Python State Python State Variable

Python Variable Name fib_num

—"v

Edit File Contents
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Resources
Files 4
. . Monitors 4
Plots 4
arla e SSIgnlllent Selections 4
Tools 4
Variables 4
Tasks
. . . Basic Tasks 4 Console Task
- New generic Variable Assignment Task allows a SN I o,
variable’s value to be set and exported to the frimle P Emsai e
aSSOC|ated tOOl/mOdel E)’Is;l;?g::;isks (D ;ists:c?\ir;r?[sokol Task
* MATLAB, Python, and Excel Variables e | toeret |
Supported (|n|t|a||y) H +2 Variable Update Task
- Data type (string, integer, float, boolean, array) will ~ lspecer "
be preserved when the data is written E—, —
Description Variable Assignment Task
lcon @ Assign
Notes
- Benefits: comecton S e
- Data export now possible where other TS Couping et el endtme (9 ()
approaches (symbol replacement, O ot a0
intermediate file, or specialized task) don't v | VATLAS oroble
work or are inconvenient Pyhon variatle -

-+ Simple transfer of complex array or numerical

data
excel-matlab-python-communication




Edit Table Variable ?@

[]
‘ ' e I I l (: O | | p n Column Editor ~ Table Editor ~ DOE Plot
r I gl Variable Name Description Causality Type Specify value? Start/Value Units  Va

1 us Connector of setpoint input signal input Real 20 None 352
2 um Connector of measurement input signal  input Real SinteriorAirTemp None 352
S u p p O r t 3 Plk Gain parameter Real 0.0008 1 167
4 PLT Time Constant (T>0 required) parameter Real [] 0.1 None 167
5 Plx_start Initial or guess value of state parameter Real [] 0 None 167
6 Ply_start Initial value of output parameter Real [ 0 None 167
< >

+ FMU system models 5

can be imported and e —— o o I =
= (5 [ a9 1 M
coupled to any other Pt [ s o -

Key Properties & x Monitors
e | o Pwsan Filte
ColTherm-su pporte - —
¥ TATherm +
Executable C:/Program Files/TAITherm/...
| I l O e Additional Arguments -nostop -quiet {S,p Initialize FMU
Use Server Mode [~
~ mergefile
. Executable C:/Program Files/TA[Therm/...
v i i Initialize U = Run
+ Example process links i S| oo e | B |
Hosts Local Machine
F M U C O n't rO | | e r 'tO Additional Arguments -localonly +
Vv Thermal model
file Path cabinCooling tdf B v resits

<

TAITherm thermal

FMU model

<

File Path ControllerMod.fmu EE ;al;‘gr‘rj:fws %47 @ E;'Lfg
| I Iodel ¥ FMU inputs
Table 8 Columns, 6 Rows +
~ Coupling start time (s)
Expression 0 Cleanup AU

<

- Process can be

Coupling parameters
pling p r Y

extended to multiple D]

Parallel Execution O

~ Thermal model uses natural environme..
S a |,-1 O r -t e rm a _ Value O v | Message Window  Journal Window  Notes
m X

<

<

Tt 8 x Message Window

Start Q search k
< :O U p e | I |O e S ilte |[Running coTherm 2021.1a-2021-06. .. p

oOpening document from C:/Users/jjp/Desktop/FMI/{

Property  Value This file was written with 2021.1a-2021-02-new- Q ¢

thermal-fmu-transient-coupling

Icon (&) wnitial State ]

Notes Transient coupling of TAITherm and STAR-CCM+ This CoTherm p... || Running process item: Start

Color W rvomatic

Connection Initialize FMU Running process item: Initialize FMU

Execution of journal file finished 1 1 5
n-dep information:

Runnina process item: Initialize thermal outputs TA | ’S J u n e We b i n a r
%



CoTherm — AFSIM
High-fidelity sensor coupling capability

- AFSIM (Advanced Framework for Simulation, Integration, and Modeling) is widely used for defense mission-
level modeling and simulation

« CoTherm enables coupling high-fidelity sensor models to AFSIM scenarios

- AFSIM-specific sub-process defines a set of CoTherm tasks that call the high-fidelity sensor
- CoTherm symbols resolve to target and sensor properties (inputs to sensor model)

- Designated variable stores result of detection attempt (detected/not detected)

Mission

AFSIM
Target and Plugin
sensor
. L properties
High Fidelity > CoTherm Kinematics
Sensor Model AFSIM Sub-
(python, MATLAB, Excel, Sensor Tracks
other thermal/CFD tools) Detection Process

status

Contact TAl support for access to
AFSIM coupling feature




New OpenFOAM
example processes

» Example documents and models
rovided for:
» Pseudo-transient coupling

- Fully transient TAITherm,
Steady OpenFOAM snapshots

- Fully transient coupling

- Two-way data exchange at
defined intervals

& thermal-openfoam-pseudo-transient-coupling (Read Only) - CaTherm

BR 9 &0 IE

LREE

Key Properties
|Filter
Property Value =)
v Thermal model
File Path pipe-and-box-transient tdf
v Pseudo-transient CFD data
Table 2 Columns, 5 Rows
~ Thermal model coupled parts
Filter Rules 1 filter rules
v CFD model coupled parts
Filter Rules 1 fitter rules
~ Thermal-CFD coupling
~ Maximum number of coupling loops
Expression 12
v Target surface temperature change
Expression 015 v
Notes & X
Q Search Kl

Pseudo-transient coupling of TAITherm and
OpenFOAM

This CoTherm process implements an iterative coupling of a fully transient TAITherm
thermal model to multiple steady-state OpenFOAM CFD models representing the fluid flow-
field at specific points in time. This method of thermal-CFD coupling is often called pseudo-
transient or quasi-transient.

This method is designed for scenarios which meet the following conditions:
* Transient thermal effects are important.
* Fluid domain fundamental behavior changes at a low frequency or only a few times
(between 2 and 20 total steady points are typical).

Common applications include:
* Hot soak / key-off analysis for automotive under-hood / under-body thermal
management.
* Cabin cool-down or warm-up for climate control / thermal comfort / HVAC analysis.

& X Process Canvas

Thermal-CFD Check not all it all
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L
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This CoTherm process implements a two-way coupling of a transient TAITherm thermal
model to a transient OpenFOAM CFD model. Both models solve the same duration and
couple boundary conditions at defined time intervals.

The process consists of a loop where each pass over the loop represents one coupling

interval. After each model has been run, surface data is mapped to the other model:

2 thermal-openfoam-transient-caupling* - CoTherm == =]
File Edit View [ 255 Helg
35 ERR 90 ©0& A @O
Key Properties & X Process Canvas
|Filter |
Property vaue 3 “@ e I_,_ simaions l
~ TAITherm
Executable taitherm +
Additional Arguments -nostop -quiet
Use Server Mode o
v mergefile
Executable mergefile
¥ OpenFOAM solver
Executable thermoFoam
MPI Launcher mpiexec
Additional Arguments
~ Parallel processing options (TAITherm)
MNumber of Processes 4
Hosts Local Machine v
Notes g x
[Q searcn 4
- - ] Message Window  Monitors _ Plots
Transient coupling of TAITherm and OpenFOAM Monitors 5 x

[Fier

ST - Pipe part | ST - Pipe
max temp

ST-PBox | ST-Boxpart | ST-Box

top - middle | bottom - mi...| maxtemp |bottom -mi...| top- rear

Explore this feature:

example
example




THERMO

ANALYT.I

v,

US Location

ThermoAnalytics HQ
23440 Airpark Blvd.
Calumet, MI 49913
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Thank you

Steven Patterson

Office: +1 (906) 482-9560 x114
srp@thermoanalytics.com
www.thermoanalytics.com

Joshua Pryor

Office: +1 (906) 482-9560 x116
jjp@thermoanalytics.com
www.thermoanalytics.com
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