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ESATAN Thermal Modelling Suite

Product Developments and Demonstration
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Abstract

Product Developments

ESATAN-TMS provides the Engineer with a complete and powerful integrated thermal modelling
environment. Version r6 was released at the end of last year and saw a significant evolution in its
modelling capability. 3D solid geometry can now be modelled, performing ray-tracing on solid surfaces
and allowing selection of either lumped parameter or finite element thermal analysis on the solid
structure. With ESATAN-TMS r7 the focus of work of this release has been on a number of areas,
including a tighter integration between Workbench and ESATAN, improvements to the layout of the user
interface and general improvements directly raised by our customers.

This presentation outlines the new features to be included in the next release of ESATAN-TMS.

Thermal Modelling Demonstration

A demonstration of the new features included in ESATAN-TMS 17 will be given, building a thermal
model to demonstrate the new functionality.
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ESATAN-TMS
Product Overview

Chris Kirtley

28" European Thermal & ECLS Software Workshop
ESA/Estec, Noordwijk, the Netherlands

L ESETEN-TMS Introduction

thermal modelling suite

e Major evolutions of the product

CADbench 2014 i

2011 2012 2013 2014
r3 r4 r5 rG‘

— Improved Import of CAD Geometry — Modelling of Solid geometry
— Combined FE / LP Analysis — Radiative Cavities
— Enhanced Model Tree Component — New Visualisation

— New Conjugate Gradient Thermal Solver — Multiple selection

— Contour Plotting — Transparency
— Extension of Post-processing (ThermNV) — New clipping plane
— Post-processing ThermNV derived data — Non-regular mesh support
— User-defined Feature Requests

— Performance & Scalability
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Introduction

e User survey performed at the end of 2013

Edit Define Geometric

— Feedback on how we are doing
* Product functionality
* Quality of user support
* What'’s important to you

Copy Model.

Delete Model.

Exit

e Continued major investment on the product
e Focusing on points you raised
* Now finalising release for the end of the year

Contents

e Presentation of ESATAN-TMS development status
— Model import from CAD
— Further thermal integration
— Improved user interface

— Modelling time & temperature
dependency F

— Model definition
— Simplified user input

e Followed by a demonstration 3
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Contents

e Presentation of ESATAN-TMS development status
— Model import from CAD
— Further thermal integration
— Improved user interface

— Modelling time & temperature
dependency

— Model definition
— Simplified user input

Model Import from CAD

e CADbench 2014 development
— User feedback on conversion of CAD models
— Handle more cases recognising primitives

— Option to merge triangular element into quads
* Merge triangles which are planar within a tolerance

Paost conversion

[¥] Launch ESATAN-TMS

Output from converting model to ESATAN-TMS:
1111 converted
11:2 converted

Wiiting ESATAN-TMS file _
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Model Import from CAD

e CADbench 2014 development
— User feedback on conversion of CAD models
— Handle more cases recognising primitives

— Option to merge triangular element into quads
* Merge triangles which are planar within a tolerance

m Triangles (98.18%) B Triangles | 53.95)

m Rectangles (0.175) B Rectangles [18.955)

m Quads [0.0075) m Quads (24.49%)

m Spheres [0.026%) W Spheres [0.045%)

m Cylinders [1.09%)  Cylinders[1.775)

= Discs[0.175%) m Discs (0.335%)

= Cones(0.33%) m Cones [0U55)

Model Import from CAD

e CADbench 2014 development

— Option to generate Point Variables
e Dynamic binding of geometry

e Literal points reduces model
complexity

Simplification options Post conversion

Foint variables
Output from converting model to ESATAN-TMS:

1:1:1 converted
1:1:2 converted

7'\

Writing ESATAN-TMS fils..
1574 total number of triangles

532 total number of rectangles
1008 total number of quads
Conversion OK

|
{
5
i
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Contents

e Presentation of ESATAN-TMS development status
— Model import from CAD
— Further thermal integration
— Improved user interface

— Modelling time & temperature
dependency .

— Model definition
— Simplified user input

Thermal Integration

e Vision of an fully integrated thermal modelling
environment
— High-level thermal modelling through Workbench

— Simplified interface, less
error prone

— Easier validation
— More efficient
— Availability of data

— Consistency of data &
concepts throughout

28" European Space Thermal Analysis Workshop 14-15 October 2014



256 ESATAN Thermal Modelling Suite — Product Developments and Demonstration

Thermal Integration

* Handling of Radiative Data (GRs & Qs)
— Large number of generated radiative conductors

» Data generated for each orbit position

* Particularly models with moving geometry
— Can lead to significant processing time

* Data handling within Workbench

* Exporting ESATAN analysis file

* ESATAN Pre-process, compile, link & solve

— In some cases file system or compiler limits reached

Thermal Integration

* Inr7, redesigned storage of REF, VF, HF data

* Introduce option to write radiative data directly
to a new ESATAN data file
— Introduce Analysis Case Definition (ACD) file
— ACD file goes hand-in-hand with ESATAN analysis file
— Store radiative (GR & Q) data in ACD file

e Node & conductor definitions retained in analysis file
— ACD file uses HDF5 format

e Platform independent binary file
e Efficient structure & format
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Thermal Integration

Thermal model

/ definition
Mpm————<LESATAN-TMS ~ _—<..

—————
- ~.

Analysis .
1L q

File

RCn
REF [g-5 1,m
HF
VF

VF_n_n_n.hdf
e Significantly reduced the number of associated files
 New ACD file contains the radiative data, previously in

— Arrays (storing QS, QE & QA data)
— QAVERG, QCYCLC and RCYCLC subroutines

~
>

~ -
————————

-
=
e

g

Thermal Integration

e Reduced ESATAN analysis file size

$ARRAYS -
SREAL Data Moved to ACD File
SU3507(5) = # SOLAR absorbed -
0.000000, 0.000000, 0.000000, 4.371837E-006, 0.005033; QS, QE & QA arrays
AL3507(5) = # ALBEDO absorbed . .
0.056816, 0.049021, 0.031292, 0.001038, 0.000000; generated for each radiative
PL3507(5) = # PLANET absorbed |
0.116959, 0.135201, 0.219413, 0.361704, 0.493029; face & a GR array for every
GRO0003UI(5) = # GR(3507, 3509) radiative conductor
3.379200E-007, 0.000000, 2.252800E-007, 3.942400E-007, 0.000000;

$SUBROUT INES

SUBROUTINE QCYCLC LANG = MORTRAN )

QS3507 = INTCYC(TIMEM, ORBTIM, SU3507, 1, PERIOD, 0.0DO)

QA3507 = INTCYC(TIMEM, ORBTIM, AL3507, 1, PERIOD, 0.0DO)

QE3507 = INTCYC(TIMEM, ORBTIM, PL3507, 1, PERIOD, 0.0DO) |nterp0|ati0n of heat
END || flux & radiative
SUBROUTINE RCYCLC LANG = MORTRAN

_ conductance arrays
GR(3507, 3508) INTCYC(TIMEM, ORBTIM, GROOOO3UH, 1, PERIOD, 0.0DO)

GR(3507, 3509)
GR(3507, 3510)

INTCYC(TIMEM, ORBTIM, GROOOO3UIl, 1, PERIOD, 0.0DO)
INTCYC(TIMEM, ORBTIM, GROOOO3UJ, 1, PERIOD, 0.0DO)

o n

END u
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ITEN=-TMS Thermal Integration

e ACD data is automatically read by the solution
— Static heat flux read at the start of the analysis

— Transient heat flux & conductance
* Read in SVARIABLES1
* Data only read into memory as required
* Efficient interpolation of data

e Reminder, a full ESATAN analysis file can be
generated if required

Thermal Integration

e Leads to improved performance, reduced
overall file size & reduction in memory

e Example science model provided by OHB

Generated File Size (Mb)

. ESATAN-TMS
Data File > 7 A (%)
Analysis File /| ACD File 40 18 55%
MDB file 39 6 85%
Pre-processor log file 40 13 68%
Fortran file 15 6 650%
Model executable 18 5 72%
Total| 152 48 68%

Performance (s)
Process ESATAN-TMS A (%)
ré r7
Pre-process 204 18 91%
Solution 133 67 50%
Total| 337 85 75%
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Thermal Integration

* Inr7, handling of linear conductor data improved
— Redesigned data storage within Workbench

— Now store all linear conductor data
e Previously stored only the LP conductors
e Now store FE conductors and conductors generated from
Contact Zones and User-Defined Conductors
— Automatically calculate linear conductors on export
to ESATAN, only if they are out of date

Thermal Integration

Thermal model

/ definition

L o . . . . . |
, 1| ESATAN-TMS =] -
n . | . 1
s | I Analysis :
o . ’:_ RCn ' File E
ﬁ E_n_%_ hdf | [} REF :
ol < [N :
S o L1 vF :
s U ;

| Ghd e e

e Reduce the number of associated files
— Linear conductors stored with the overall model data

* Now store all conductor data
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Thermal Integration

Workbench GUI Changes

Model Tree | Define Analysis Case

Analysis Case: |power -

— e w1 | ¢ Select to output all linear
oriror i, conductors (default)

e “Calculate Conductors” option

E Output Definition

Model Hame G56_Sat_power

Dynamic Storage d
Environment Node Number 99,995 re l I I ove
Environment Temperature -270.0

Inactive Node Mumber 00 998
Area Multiplying Factor 1
ESATAN 5Blocks as Include Files

= ¢ Option to generate radiative

REF Kinimum Deviation 0.00%

e e data in Analysis Case Definition

Generate ACD File
Outputs data to the Analysis Case Definition (ACD) .acd

.
fiie, rather than to the analysis file. Note: improves f I d f It
memory use and increases performance. I e e a u
Generate Template File

Generate Analysis File
Run Analysis (Pre-process & Solve)

[ 2opy | [ Reset || cose |[ ep |

Contents

e Presentation of ESATAN-TMS development status
— Model import from CAD
— Further thermal integration
— Improved user interface

— Modelling time & temperature
dependency "

— Model definition
— Simplified user input

28" European Space Thermal Analysis Workshop 14-15 October 2014



ESATAN Thermal Modelling Suite — Product Developments and Demonstration 261

Improved User Interface

e ESATAN-TMS r6 saw a new visualisation
— New visualisation technology
— Take advantage of hardware

— New functionality

* Multiple selection, transparency & |7
revised cutting plane L

e Continue to build on this foundation
— Improved user interface
— More interactive model build
— Pre- and post-processing of model data

Improved User Interface

Model Edt Defr

o efine Geometric Radative Thermal Reporis Utiiies Help
Hal|ddeaRRREIFD % L% Llke=-MadEEoxE 0o
Vi

oo e |
1

isualisation | Reports|

Thermo-optical Properties

Aim to expand the
visualisation

| Ell

| Kapton
SC_Properties

[l White_Paint

W cu
[l Black_Paint

jstory | picking Inormation|

; Remove

[ [ [ [ \
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mel Reports Utiites Help

Improved User Interface

== [N r7 redesigned,

B % | Sl =@ EQNE e

Visualisation | Reports|

* Report Symbols

Thermo-optical Properties

SeeeeeeeelF
b s

| El

. Kapton
SC_Properties

B White_Paint

W cu
W Black_Paint

» / |+ Assembly

e Delete Environment
e Clipping Plane
|* Include Model
e Custom Menu
e Report Case Results

* Process Conductor
Interfaces

e Define Variables

e Cut/Combine
e Reporting Tab

Model Edt Defiie Geometric Radiative Thermal Reporis Utiites Hel

Improved User Interface

In r7 redesigned,

v e
Hal|ddeaRRREIFD % L% Llke=-MadEEoxE 0o
Visualkation | Reports

e Report Symbols

Thermo-optical Properties

¢eeeeee]

Kapton
SC_P
W White_Paint

B cu
I Black_Paint

b / |* Assembly

e Delete Environment
* Clipping Plane
| * Include Model
* Custom Menu
* Report Case Results

e Process Conductor
Interfaces

e Define Variables

e Cut/Combine
* Reporting Tab
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TEN-TMS Improved User Interface

delling suite

Clipping Plane

Model Tree| Adjust Clipping Plane :
X Rotation Ij
0 180 360
0
¥ Rotation X
0 180 360
Chamber1 /
0 W External !
| Chamber2

[l InterChamber

i P e Introduced in ESATAN-TMS r6
e Redesign to a vertical dialog

Distance

ST 00 e e Very useful modelling tool

0.0€0

— Inspect internal geometry

— Visualise Radiative Cavities

— Display internal results

Improved User Interface

Process Conductive Interfaces

py m g pey i
|

el | @ !
= = N '* Run “AutoGenerate Conductive
e Interfaces”

e Automatically displays the Cl overlay
e Cls automatically defined as Fused

FEEEEEEEEEEEESE 66 &

2 Reset overlay button
B e |
Qe Ce
| B Geomety i
I =% as

—

. #noénosg%
5 &

NOT_PROCESSED
B NOT_CONNECTED
[l CONTACT

FUSED

J

Command History | picking |

Geometry | Visualisation | Radiative | Reporting | Thermal | -1 |

L Command: | 7] Autoscrol
e @ Unit 2
| I B | | —
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Improved User Interface

Process Conductive Interfaces
'& ESATAN-TMS Waorkbench i " o " - *‘, e @éu

Model Edit Define Geometric Radiative Thermal Reports Utiities Help |

e SflaaBEREED% % Ak s = K E e -

= Ve e Cl Type can then be redefined

i -] Analysis Cases A
| © 521 soundery Gonditions Conductive Interfaces

A e Single / multiple select Cls from

A Fused

E= model tree or from visualisation

Set Connection Type.

* Set Connection Type option

cite) Report

Delete.

L]

r B
Set Conductive Interface Connection Type g

CEEEEEEEEEEEEEE®
coom@ao oo

Change connection type for selected Conductive Interfaces.

Connection Settings

Connection Type:

@ amemaz NOT_PROCESSED
8 otenna_Comnecion I NOT_CONNECTED
| Finger
@ o IjCORTACH
- nen 2 FUSED
4 Combine
i~ @ Back_Panel
% Base_Panel
| @ Front_Panel Geomelry | Visualisation | Radiative | Reportin rmal | L 07
i @ Left_Panel 7 ¥eamton| tntir | oo o .
@ Right_Panel

& Unit_1 Command: | | [¥] Autoscrol H

@ unit_2 ~

' : : [ | |

>
Contact Conductance (Wim2K):  |120.0

Command History | Picking Information|

oK ] [ Cancal ] Help ]

Improved User Interface

Process Conductive Interfaces

Model Edit Define Geometric Radiative Thermal Reports Utiities Hi

Ha3<f e BERE EOI % L %A

Model Tree| » Wi E

G| Model - GSG2

EIS Analysis Cases F

j Elcu::ary Conditions Conducti

£+ 4 Conductive Interfaces

E1-24 Contact —
- @ ci_10

ci_11

ci_12

ci_13

ci_14

ci_b

== e Conductive Interfaces now
displayed by type on model tree

»

m

EHEEEESEEEE S EEEES
a

----- {°"] Mot Connected
----- ] Mot Required __J
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Improved User Interface

Define Variables

Model Tree | Define Real :
Real }Prum,datal - - |
Sl : Dimensionality: l:‘\ Scalar () Vector @ Ma'r.rix
Property... Rows: | 1R
:::i:MComclu... .__ = : — | gt;j‘!
e |nterface for definition of coor % 4;0
basic variable types = oot o
e Same interface for Scalar, o o £
Vector and Matrix = 22
e Edit definition through the same
dialog .

Improved User Interface

Reporting Tab

( B
5 ESATAN-TMS Workbench g o w £ " =
Model Edit Define Geometric Radiative Thermal Reports Utities Help
CIE E L (e e O L e
Wodel Tres |
_4 Model - GSG2 Pl
] Analysis Cases E -
f| 2y e e T
S Gonductive Intertaces Report produce} by REPORT_SYMEOL procedure st 15:36 Thu 2 Oct 2014
: .
T comact i
[ Fused
@ ot
X . . 3
Reporting window |
@ Back_Panel
-+ B Base Panal
o Bl Set Connection Type... 1 !
: now a tabbed area
- Report
@ o por FuszD
- @ ci_1
= Delete.
@ i
- @ o 3
@ cia Model name = G5G2
i Report produced by REPART_SYMBOL procedure st 15:36 Thu 2 Oct 2018
@ ci6 E
- @ oiT
T Conductive Interface ci10
@ oo Primitive A Base_Panel
551 Mot Commecied Lest panel
{1 Not Required e
(] Contact Zones ive 1
-] Cavities Connection Type FUSED
&l Geomety Conductive interface valid
&8 esez
- Bady
@ Antenna_1 Model name = G5G2
~@ Antenn feport produced by REFORT S procadurs st 15:36 Thu z Oct 2014 ]
o \ i
@ Gold_Finger
@ new -
oz ] tnsemt
4 Combine i
" @ Back_Panel i
Command History | Picking Informatiof(_ )
Geometry | Visualisation | Radiative | Reporiing | Thermal | L= r. i
@ Rignt_Panel !
o @ Unit_1 Command | | clear | @] Autoscron |
ey . ‘ — =
I
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Other Items

e Auto-completion on e Geometry New
dialogs Command

& &

Model Tree | Define Assembly : S¥sc  New
Assembly: |0MB_A55Y - | E'Gf__l‘z' # Define Geometry...
E Symbol Information GB& il
Reference Component 4 Define Combine...
Moving Component - E}@ Geometry
B Orientation e i
Coordinate Shift =¥} SCIENCE_201_01
Predefined Orientation w Eh{H oMB_No_HEA
El Automatic Pointing £3 =4 OMB_ASSY
Pnirrting \.'e!::'tor PAYLOAD_ASSY ™ @ &b OMB_STRUCTURE
bl PROPULSION 8- TCS
General Direction s ] =2 4k PROPULSION
Minimum Rotation Angle 4 - 4 COMM_ASSY
Maxi ion Angle UHF_ASSY = a1 4k UWF_aAsSSY

s =h t —
Bisecting Poirtina |G| - 4p EPS_UNITS

-4 CBOH_UNITS

4 ACCS_UNITS
[ dp HGA_SUPFORT
[ 4k MSA_ASSY

4p PAYLOAD_ASSY
[-dp SA_DEF_ASSY
(-l HBA_MOVE

'“J:ESQTQN

e Presentation of ESATAN-TMS development status
— Model import from CAD
— Further thermal integration
— Improved user interface

— Modelling time & temperature
dependency

— Model definition
— Simplified user input

28" European Space Thermal Analysis Workshop 14—15 October 2014



ESATAN Thermal Modelling Suite — Product Developments and Demonstration

267

[-TMS Time & Temperature Dependency

* Model time or temperature dependent
properties in Workbench
— Define Property

* Time, temperature or time-cyclic
* Plot profile

RRLEERRRR TN RY]

neEe  TRGe RS mEos  RaoS  mona  Toee

— Additional support provided in ESATAN-TMS r7
* Time or temperature dependent
— All components of User-Defined Conductors
— Conductance of Contact Conductor Interfaces

— Capacitance of Non-Geometric Thermal Nodes
— Shell through emissivity & conductance

N M?qs Time & Temperature Dependency

e Model time or temperature dependent
properties in Workbench
— Define Property

e Time, temperature or time-cyclic
* Plot profile

cthubabasadaiiniiag

mooo  Too0 oo ASoE  Eo0S  aced  Too0

— Additional support provided in ESATAN-TMS r7
e Time dependent
— Assembly pointing
— Environment temperature

28" European Space Thermal Analysis Workshop 14-15 October 2014



268 ESATAN Thermal Modelling Suite — Product Developments and Demonstration

Time & Temperature Dependency

Radiative
. Conductive o
e User-Defined Conductors .
Advective
— Conductance value Convective || . &5
. o
— Components of Calculated option | ...
* Advective, m & Cp U e
» Radiative, ¢ & REF - o
* Conductive, k . y %
* Convective, h
e | o) (o) (o )|

* Environment temperature boundary condition
— As for other boundary conditions can be defined

. # Matrix Chart [ =T
time dependent envTemp
X Axis:
o BT
Column2
olurmn | / \\
Model Tree | Define Analysis Case ars{ / \\
TR | 50/ \
Analysis Case: | heat wal \ i
a0 \ ot
Temolate X \ /
| Ananys| E - \ /
2 /
Yas B2 \ / —
Coummi 4| 20 % / [ conmnd]
[ /
\/
10
GSG_Sat_neat
nnnnnnnnnnnnnnn 00

= &
Atime dependent PROFERTY or REAL parameter
specifies the enviranment temperature used in
analysis. If not given, a defaut of -270. is assumed.

Generate Template File:
Generate Analysis File

Run Analysis (Pre-process & Solve)
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e Presentation of ESATAN-TMS development status

— Model import from CAD
— Further thermal integration
— Improved user interface

— Modelling time & temperature
dependency

— Model definition
— Simplified user input

 Improved Copy Model

— Copy models within the
i =] “Model Directory”

Model List

= — Now copies all data,
including result data

— Updates working directory

| ) [ — & other paths
Copy Model [ = |
Please enter a name for your new model:
coprosesez |
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. New...
.F" Open...
il Close
n Save

Save As...

Include
Export 3
(Re}load 3
Purge

- s .-
¥ ESATAN-TMS Work

Edit Define Geo

\ e Currently open model not changed

Model Definition

 Model “Save As” option now provided
e Creates a full back-up of the model

;
Model Save As =5

| (31 Preferences..
i

Copy Model...
Delete Model...

Exit

|

e \ersion control of the
model

@ Creates a copied model and saves changes to it.

Current model is left open and unchanged.

Please enter a name for your new model...

I Science_vl |

e High-priority from the
user survey 2013

e Export complete model definition

— Implementation being finalised

— Extended Model Export |  ewm % Geomenry.
= Radiative...
* Export Model option e
e Export Thermal option
— Extended Model Import |  ®ewss  {E ceomety.

Model Definition

adiative...
(Re)load Model option L

(Re)load Thermal option
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Contents

e Presentation of ESATAN-TMS development status
— Model import from CAD
— Further thermal integration
— Improved user interface

— Modelling time & temperature
dependency i

— Model definition
— Simplified user input

Simplified User Input

e Definition of Real Vectors directly as literal values

— non-regular mesh

E Mesh

Faces along Direction 1 12.0

Faces along Direction 2 1.0

Ratio in Direction 1 1.0

Ratio in Direction 2 1.0

i {0.1,0.3, 0.7}

02,035 055 08 4

— night-side temperature
— orbit true anomaly
— waveband frequency array
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Simplified User Input

e Assignment of BCs directly onto selected
entities in the visualisation

1. Set Picking Mode

Picking Mode:

-
Face

2. Select Entity Gy
Point
Direction
Distance

B Boundary Condition
[Reterence _______Jsolar_Panel_t:surrace A0}
Value

50.0

4. Assign Value

Reference

Specify a node (e.g., 10 or subm:10), face (e.g.
shella:face7), shell side (e.g. shela:side1), shell name (.g.
shelia) or non-geometric node (e.g. nonGeom).

3. Add Boundary
Condition

Conclusion

e ESATAN-TMS r7 release at the end of the year
e Continued major investment on the product

e Focus on input from user survey 2013
— Improved thermal modelling environment
— Time & temperature dependency
— Control of model data
— Improved performance
— Simplified input
— Improved visualisation
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L BsETEN-TMS Product Support

thermal modelling suite

 New web site, self help, short videos, ...
%}ESF&THN-TMS , #®+ Extended Getting Started

thermal modelling suite

™ °* Training courses at ITP

; — Nov 2014 Beginner
Space Drl:i_ital
Modelling uon —_ lan 2015 Advanced

* On-site training on request

By

s * 1hermal consultancy

| L ESETRN-TMS Product Support

thermal modelling suite

e Maintenance & bug fixing of the product
— General bug fixing, including STEP-TAS Import/Export

e Obtain feedback on priorities, both immediate
and future requirements
— Web report system
— Customer visits

— User survey
e ...and the support team are here!
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Thank You

Questions following the demonstration

New Functionality (Summary)

e CAD Conversion e Auto-completion on dialogs
— Shape recognition e Extension of time & temperature
— Merge triangles dependency support

— Option to generate Point Variables , Fytanded Copy Model
* Thermal Integration * Model Save As

— New Analysis Case Definition file
! Export Complete Model

— Control of output of all conductors .
Definition

— Automatically calculate conductors

_ Caleulate conductors ifout of date ® Define Vectors directly using
» Redesign of dialogs literal values
* Process Conductive Interfaces
e Reporting Tab

e Geometry New command
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