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TAITherm 2022.1.0

+ Advanced graphics engine performance with large models
- Realize full model setup automation through tdfiopy
- Advancements in human thermal modeling



Advanced Graphics Engine Migration

- New graphics engine with
superior performance

- Default graphics engine
- Open models faster
- Interact with models faster
- Improved look and feel
- Previous graphics engine

available as a fallback for legacy
functionality

Benefits
 Increase productivity
« (Create better looking
images for reports and
presentations



Performance Benchmarks

Comparing 2022.7 with advanced

graphics to legacy graphics in the previous
version:

+ 30% faster Thermal Reports

» 40% reduction in RAM for graphically
post processing large models

» 30% faster in head to head comparison
of a 12 action sequence on a 7 million
element model

- Able to open and work with 20M+
element models (previously impossible

N—"

* Actual speedups are model and case dependent




Graphics Demo



Model Setup and Processing

Automation
» The power of TDF 1/O is now n [1]: import tdfiopy
accessible to Python script n [2]: tdFio = tdFiopy.TAFIO()
WI’ItGI’S (no Compller reqU|red) n [3]: tdfio.readFile("C:/Program Files/TAITherm/2021.2.4/
. > Jdemoship. tdf"™)
- Reduce CAE turn-around time R
n [4]: tdfio.numberOfParts()
through model setup and 2
I'GSUHS proceSS|ng aUtomatlon . tdfio.numberOfElements()

- Access settings not available in .
the summary table

Benefits
* Fully automate model
setup
e Create simulations faster
with fewer mistakes



What is TDF |/O?
A programming library to read/edit data in a TDF

What can | do with it?
- Write custom utilities to:

Read / Create / Edit mesh

Read / Create / Edit thermal links
Assign Part properties

Assign Material properties
Assign Conduction Rules
Access model results

Etc

Create custom file converters
Automate model setup
Aggregate model settings
Extract model results

Q‘{ ChlUsers\srp\modeling\ymain\misc_utilities_and_scripts\tdfio-apps\tdf... — O =
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window
? X
cHHERRS 4 ke 2% BEIS1ER
Etdﬁﬂass.pyﬂl
1 L# /* A
2 # * Afile tdfmass.py
3 # * ‘outputs the mass of each part, sach assembly, and th
4 # * ANreturns 0 for success, 1 for failure
5 # * A\Assumes 293K for temp dep properties
o # * M\Includes Fluid Parts and Lumped Capacitances
7 # * A\Reports Terrain type parts as 0 mass
8 # * \Reports Fluid Streams as 0 mass
9 # * A\Reports Exhaust Streams as 0 mass
10 # * A\Reports shell physiology parts as 0 mass
11 # * M\Assumes each part has either solid elements, or shel
12 # * A\Assumes multilayer parts use linear conduction (does
13 #
14 xS
15
le import tdfiopy, sys
17
18 [(Hdef mapElementsToParts(partInfo, tdfio):
19 #partInfo is a dictionary with PartID as the key and EI]
20 #partInfo will be modified in place (dictionaries are n
21 elemCount = tdfic.number0fElements ()
22 H for i in range(0,elemCount):
23 elemID = tdfic.elementID(i)
24 element = tdfic.element(elemID)
25 partID = element.part{)
26

if partID not in partInfo:



TDF 1/O vs User Routines

Executed from a shell or other program Executed within TAITherm while running a
before or after running a solution solution

Written in C++ or Python Written in C++, Python, or JavaScript
Read and edit mesh and part definitions Read only mesh and part definitions
Assign values in the model setup Assign values within the solver

Access results after a run Access results during a run

Accessible within CoTherm Journals Accessible within TAITherm

NOTE: Make sure you are referencing the correct documentation with using either of these
frameworks (many functions have similar names). Functions and classes for the Solver APl cannot
be used in TDFIO utilities and TDFIO functions and classes do not exist in the solver API.



Multiple ways to access tdfiopy

Execute through the included interpreter

O

""" .1.8-RC-BUIL

> [>>> impor
OSSN Ty R la] = Soyder (Pythan 3.9

»5% tdF 1o fle Edit Search Source

B CEEESEER 9C OO’ B6

""""" Key Pr

Edit File Contents O

’

|
X |




TDFIOPY Demo



Human Thermal Enhancements

- Materials now shown in the post
DroCcessor

- Berkeley setpoints utility log file

- The "AppendToExistingResults”
Keyword now copies results
from the transient restart source
files

Results Relations Design Temp

Plot/Export Ervironment

Element |4412 Shell  Part Type: Physiology

Results Selector | Temperature

" 1319729

¥ 1135.1355

35.1664

35.1888

35.2069

35.2204

" 1354141

Temperature

O




Looking to the future of advanced human
modeling: Detailed volume element

humans
- Now available for research and

evaluation purposes

- Predict tissue temperatures
from highly localized heat
sources

» Future applications:

» RF tissue heating
- Wearable electronics

- Detailed hand temperatures
from heated steering wheels

- And more

08:00:00




CoTherm v2022.1
product enhancements

Joshua Pryor, CoTherm Product Manager
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CoTherm 2022.1 Updates

- CoTherm’s python includes tdfiopylibrary for easy custom journal
operations on TAITherm TDF files
- Higher performance & reduced overhead for fast-running processes

- Updates to monitors, plots, variables happen much more
efficiently

- Improves performance for system/1D models, AFSIM sensor
modeling, and other fast models

- Improved stability for parallel sub-processes

- Improves reliability when running multiple parallel threads with
many tasks

- Addresses GUI stability when navigating while running



CoTherm + TdflO (Py) Example:
Transient flight plan simulation

- Scenario: Aircraft thermal analysis FlightAars

Products

using a transient flight plan dictating
aircraft speed, altitude, GPS position
and heading, etc

- FlightAware or other data sources
can be used to specify scenario -

Speed = 000 mph

000000

conditons | T : ) b

DDDDDD

- Solution: Use CoTherm to manage
scenario conditions and TdflO-Py to

& FlightAware ADS-B
b d d cq h Tue12:0303PM 419692 87 0363 — 273" 165
S et O U n a ry CO n It I O n S O n TA | T e rm Tue 12:03:19 PM 41.9741 -87.9515 —309° 175 500 T
. Tue12:0335PM  41.9839 -87.9642 317 202 406 T
thermal model for each timestep S
Tue12:0407PM 420069  -87.9929 012
Tue 12:04:32 PM 463 T



CoTherm + TdflO (Py) Example:
Transient flight plan simulation

- FlightAware data copied and pasted into Excel spreadsheet

 Data arrays are linked into CoTherm using Excel Variables

« Arrays are then assigned into Python for access by TdflO-Py

FILE HOME INSERT

ke X Cut
By Copy ~
Paste
- ~ Format Painter
Clipboard B
F3 -
A B
g Time (EDT) Latitude

PAGE LAYOUT

Roboto

S

C

Longitude

T6

u -

Font

190

D

Course

2 |Tuel20303PM Departure (DAD) @ Tuesday 11:03:03 AM CDT

3

4 |TuerozmPm

Tue 120303 PM

5 TuwetzozmpM
6 Tuez0aSIEM
7 Tuet20807PM
8 |Tuer0aazPM
9 TuerozePM
10 | Tuerzos0sFM
11 Tuezts3zFM
12 Tue20551PM
13 Tuemoe21PM
14 |Tuezossipm
15 |Tuemor2ipm
16 | Tue r20751PM
17 TueroaozPm
18 Tueros2sPM
19 TuerossaPm
20 |Tus203BPM
21 Tuerzosssrm
22 Tuetzings P
23 TuemumampM
24 | Tueztt0aPM

25 TuermasPm

419692
419741
19933
419955
420069
420279
4204
12087
420857
421208
4216578
42197
122351
272
422%
423207
423458
423903
424264
42469
425171
425622

426078

-87.9363
87355
-B7.9642
-57.9783
-87.9929

88,01
-88.0344
-88.0482
880671
-88.0504
-88.0267
-88.0025
-87.9793

-87.958
-87.3431
-87.9368
-87.9386

87384
-87.9483
-87.9633
-87.9595

87964

-87.9688

— a7
A
AN
R 3
o
3
s A
N33
1 358"
2o
7%
75
o
o
T
e
135"
135"
135"
1355
1355
135"

1355

FORMULAS DATA
A A =
S- - A- =
[
E F G

kts mph feet

15| wa| 1075
5 2m. 15757
m w1
75 s 2T
78 T
243 a0 2T
23 ma e
280 2 4T
239 s ams T
299 s s
2% w san T
Elie] us s
an w s
30 s s
06 w2 smTh
a9 ws aash
Errl w0 T
an w et
£l o s
5 ET e )
B/ s me T
3% w6 e T
30 o was T

REVIEW

H
Rate
FA

1500
1408
2,18
201
1463
1266
119
670
643
1850
2175
2450
2521
1671
1457
2074
2008
1580
1575
1575
1575
1575

<

<

Flight data spreadsheet
File Path

Flight timestamp data
Sheet Name
Cell Range

Flight altitude data
Sheet Name
Cell Range

Flight speed data
Sheet Name
Cell Range

FlightDataxsx

Sheet1
A3:A116

Sheet1

G3:G116

Sheet1
E3:E116

Select Cell Range

C

1 Longitude Course kts mph feet Rate

2

3 -87.9363 - 273° 165 190

4 -87.9515 — 309° 175 201

5 -87.9642 ~317° 202 232

6 -87.9789 "~ 316° 216 249

7 -87.9929 ~318° 219 252

8 -88.019 ~317° 243 280

9 -83.0344 ~317° 263 303

10 -88.0492 . 338° 280 322

11 -88.0571 1 358° 299 344

12 -88.0504 2 23° 299 344

13 -88.0267 7 26° 296 341

< >
Cancel




CoTherm + TdflO (Py) Example:
Transient flight plan simulation

Edit File Contents

import tdfiopy
import numpy as np

def setWeatherAltitude( tdfio, altitude ):
env = tdfio.environment ()
if env.environmentType () == tdfiopy.TdfEnvironment.Natural:

wType = env.modelWesatherType ()
if wType == tdfiopy.TdfEnvironment.AtAltitude:

Parts. Assembly Curves Environ Conduct Properties Scenario

© Bounding Box ®) Natural (Weather) - TAITherm Model Altitude Environment Parameters

Weather Position Background Wind Sky Solar

X

L e
Ground Level Weather Altitude (m) [2831.08 |

‘ (®) Above ground level
(O Mbove mean sea level

b o = =
1 Weather Data at model altitude

- (O Weather File

(O Standard Atmosphere

(® Atmosphere Profile

(O Modeled using ground level weather

File: ‘WDEDBZZ'DEtmitM]—Lat42.4LE)ngB3.D<t ‘

D Use Absolute Path

Weather Start

05/08/2022 01:00:00 +

Weather End

OE o) (DD Model altitude weather file

Wind at model altitude
@ Use vehicle speed
Use specified weather
O Model from ground level weather

Assign start and end to thermal solution Assign File: Browse...
envAlt = env.environAltitudeData () _> Model Weather
envAlt.setAltitude (altitude) () Use ground level weather -' Standard Atmosphere [1976 US Standard ~ ~
y Atmosphere Profile
. . (®) Use weather at model altitude Specify... /
env.setEnvironAltitudeData (envAlt
{ ) Altitude Above Sea L Temperature Pressure | Humidity
tdfic.setEnvironment (env) 0 10 1013 50
6000 24 472 50 Altitude Above Sea Level (m)
else: 12000 -56.5 193 50 Temperature (°C)
print ("Warning: attempted to set weather altitude, but model is using ground le SR ()
Humidity (%)
else:
print ("Warning: attempted to set weather altitude, but model is using bounding bc Add Delete Import...
OK Cancel Apply
def setAercLibraryParams (tdfio, speed=None, altitude=None):
speedProp = tdfiopy.TdfProperty() Part Selector
if speed != None: Name D
speedProp.setValue (speed) STR_Cabin_Skin ~ 1 >
. . Total Parts: 31
for i in range (tdfio.numberOfParts()):
partID = tdfioc.partID(i) Parts Assembly Curves Environ Conduct Properties Scenario
part = tdfio.part (partID)
_> Part Type Calculated | Multi-Layer v
for f in [tdficpy.TDF.Front, tdficpy.TDF.Back]: Conduction Type | Planar >
. . . Moisture Model Latent Heat Only v D Transparent . R
if part.convectionType (f) == tdfiopy.TdfPart.Library: - 4 TAITherm Library Convection X
libConv = part.libraryConvection (f) Number of Layers |3 hd
Aerodynamic v
if libConv.convectionType () == tdfiopy.TdflLibraryConvection.Aerodynamic: «N[:E:E}A» Aerodynamic heating of fixed-wing or nose
if speed != None: Fluid Temperature (°C) Surface Type
libConv.setFlowSpeed (tdfiopy. TdfLibraryConvection.Velocity, speedProp) OFront  Middle  ®Back %Bme @® Airfoil O Nose
s . Lurve
if altitude != None: T ‘ ~ Routine Ambient Air v Leading Edge Dia. (mm) |400
libconv.setaAltitude (altitude) AGond)ionandiCaycly L — Leading Edge Start Elem 305
part.: .setLibraryConvection (libConv, I) Material A v & Leading Edge End Elem 5038
tdfio.changePart (partID, part) X Flow Speed (m/s)
Thickness (mm) ‘5.08 ‘ T Velodity Value. T -_ e e e e e e e e e
I : | velodity Curve 1
. . < | Volume Flow Value JAltitude Above Sea Level (m) [2831.08 |
tdfioc = tdfiopy.TdIIO() tdfio.readFile (™ Sthemalnodel") o ] Volume Flow Curve — — — — — — — — — — —
67 ) Blbiuy = Mass Flow Value
Aerodynamic - S (TOW (e = —
. . . . ) Flow from Fluid Multiplier (CAF) [1.0 |
< setWeatherAltitude (tdfio, flightAltitudeMeters) Flow Speed: Velocity 168.532 (m/s)
3 1 3 3 3 Fluid: Ambient Air
’ setAerolLibraryParams (tdfio, flightSpeedMs, flightAltitudeMeters) Leading Edge Diameter400.0 (mm) e /
Stagnation Edge: From Element 305 to 5038 It
. . . Altitude: 2831.08
tdfio.writeFile (" §thermalModel") e @F oo Cancel




CoTherm + TdflO (Py) Example:
Transient flight plan simulation

CoTherm process plots flight scenario data and key thermal results

thermal-flight-profile* - CoTherm

File Edit View Process Help

BOBRELRR 9 ©@Q& POC

‘ Document @ Key Properties |
| |

Process Canvas

May 10, 2022 12:03:03
Fluid Temperature

May 10, 2022 12:03:03
H Coefficient

75.0 125.0 175.0 225.0

Monitors ‘ Plots ‘ Variables

Key Properties @ Plots @M@
e IE start ;
Filter ‘ Wing temperature plot
Property Value o Q
=l Ll - . L 10F
Parallel Execution v g st
~ Export EnSight results? /)y Read excel g 0F
Value s data o st
~ Export EnSight results for every coupling interval? = -10 E
Value 0 500 1000 1500 2000 2500 3000
~ Merge thermal results into single file? Push flight Time (s)
Value v data to python -
~ Keep all thermal results? Flight speed plot
Value g
~ Flight data spreadsheet = 238 by
File Path FlightData.xlsx Read flight &  Update o Co s
~ Flight timestamp data et + s — . il & 300F
Sheet Name Sheet1 & 2
Cell Range A3:Al116 + 2 150 B ouf 1 I i i '
~ Flight altitude data = 0 500 1000 1500 2000 2500 3000
Sheet Name Sheetl EE Supy reults Time (s)
Cell Range G3:G116 = ) )
~ Flight speed data Flight altitude plot
Sheet Name Sheetl 30000 E
. Updi End ti =
Cell Range ERENS -] ﬁ par:ﬂ;t;rs +® reac:!le":;e? 5 25000 F
20000 [
Inspector @x § 15000 F
Scatter Plot i £ 10000 |
oo - 5000 F- g dinaka s % HOE ) t X
Hiter ‘ r@ e lex?méni & 0 It I 1 | | 1 |
Property Value il 0 500 1000 1500 2000 2500 3000
Description Wing temperature plot Time (s)
lcon | Scatter Plot
Notes Message Window | Joumnal Window  Notes
~ X Axis Monitors Y Axis Monitors ® Message Window @
@ Coupling current interval end time (s) Wing avg temp 'Q o (I
Bih Pt CHsom Invoking Thermal Solution... =
Computing apparent areas for heading = 0.000000, solar zenith = 39.939400, solar azimuth = 243,477570

Time spent computing thermal results (sec):

1

Time spent computing solar apparent area (sec): @

| 71%

275.0



CoTherm 2022.1 Process Example Updates

- 3-code coupling with
TAITherm, CFD (STAR-CCM+
or OpenFOAM), and
system/1D models (FMU)

» Full transient coupling at
defined time intervals
between all tools

Pseudo-transient coupling
processes support natural
environment & human
modeling

Surface
convective
conditions T

Vent/duct inlet
conditions

aaaaaa

<

Surface
temperatures

Return air
conditions /
pressure loss

1D HVAC model CFD TAITherm
Heating/AC component . Cabin interior Heat transfer
modeling flow/temperature to/from/within
. Heating/cooling output . Convection to cabin
& power consumption internal surfaces . Human physiology
. Fresh air / recirculation & comfort
Mmix . Environment/solar
load



3-code coupling with CoTherm:
process demo



Thank you

TH E R M o ‘ US Location Joshua Pryor
)) ThermoAnalytics HQ jjp@thermoanalytics.com

ANALYTICS ¢ 23440 Airpark Blvd. www.thermoanalytics.com
Calumet, MI 49913

https://support.thermoanalytics.com

Download new releases, access tutorials & FAQs, and more

® !



https://www.facebook.com/thermoanalytics
https://www.linkedin.com/company/thermoanalytics-inc-
https://support.thermoanalytics.com/
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