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Abstract

Driven by mission demands for improved performance, more precise prediction etc. a trend is observed
to bigger thermal models simulated with a high transient resolution. The built-in post- processing
capabilities of commercial software codes often cannot cope with the model and result file sizes. Further
the necessary post-processing is split over multiple tools which are often not easy to handle.

Over the last couple of years an integral thermal post-processing tool has been developed at OHB
Munich, which combined the necessary capabilities and offers a convenient and fast user I/F. The
Thermal Result Viewer (TRV) has among others the following main features:

e Import of result files in different formats:

- *TMD
— *.out

— *.csv

e Import of the model structure from different sources:

GMM model (*.erg)
TMM result file (*. TMD)

Excel list (*.xIsx)

Manual setting in the program

e Simultaneous visualization of 3-D and 2-D temperature and heat flux maps and plots for selected
groups

e Transient group based visualization of the internal hat fluxes in a model (conductive and radiative)
— without the necessity to program it into the TMM beforehand.

e Easy and intuitive graphical user Interface (GUI)

A Demonstration of the TRV functionality will be presented and discussed in the presentation.

Figure J.1: Example Temperatures Visualiza- Figure J.2: Example Heat Flux Visualization in
tion in TRV TRV
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Thermal Result Viewer - Rationale

» Need to quickly and efficiently post-process and visualize:

e Temperatures:
e transient evolutions
e 3-D maps

¢ Fluxes:

» Environmental (QS, QA, QE, etc.)
» Heat flows between parts (conductive, radiative) = establish heat flux budgets in post-

processing

* Be able to work with or without GMM

* Allow easy grouping

e re-using of available model structure
e customized groups from excel
¢ Manual group setup in GUI

* Allis also possible with other tools (in ESATAN-TMS, Excel, Therm-NV etc.) but with
significant effort.

- Efficiency increase and ease of use were and are the main targets for the TRV
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Thermal Result Viewer — Modules

e TRV is setup in a modular object oriented fashion

« Development is centralized on a server accessible to all OHB colleagues

* The TRV modules are:
» Data files = import of data and sorting (optional)

Thermal Model ‘
Thermal Results  mmm
-—)

0
@
i
8
@
o

Seite 4 OHB System AG

3—4 November 2015

29" European Space Thermal Analysis Workshop



OHB System — Thermal Result Viewer 183

“oHB

Thermal Result Viewer — Modules

* TRV is setup in a modular object oriented fashion

» Development is centralized on a server accessible to all OHB colleagues

 The TRV modules are:

*  Quick Result Viewer - temperature and environmental fluxes visualization

2-D&3-D
display temperature
data & flux plots
—) Qu ——)

Thermal Model ‘
Thermal Results ‘
—)
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Thermal Result Viewer — Modules

e TRV is setup in a modular object oriented fashion

« Development is centralized on a server accessible to all OHB colleagues

e The TRV modules are:

e Flux viewer 2 heat flow visualization

2-D&3-D
display temperature
data & flux plots

—) Qui —

Thermal Model ‘

@
o
Thermal Results ‘ i
% heat flow
—-—) a . (GL/GR)
display between
data parts

[ Flux viewer [
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Thermal Result Viewer — Modules (( D H B

* TRV is setup in a modular object oriented fashion
» Development is centralized on a server accessible to all OHB colleagues

e The TRV modules are:

» Reporting - fine post-processing of figures and export

2-D&3-D
display temperature
data & flux plots
—) @ ——)
Temperature and
environmental
Thermal Mode!  mmm 8 = fluxes figures
Thermal Results sy E - £ ») (3-D & 2-D)
£ eat flow =
ﬂ 8 displ (GL/GR) & Heat flux figures
d'Sp ay between (2-D)
ata parts
[ 4 FluxViewer 4

Thermal Result Viewer — Modules (( D H B

¢ To start a project/session name is
requested

¢ Multiple projects/sessions can be started in
parallel

e Each project/session contains the following
modules
* Date Files
¢ Quick Result Viewer
e Flux Viewer
e Reporting

Thermal Result Viewer
£-§ MERTIS_TMA
B G Data Files
- G Thermal Model Data

-8 MERTIS_TMA
& Data Files
] Quick Result Viewer

i_i Thermal Result Data

@ Flux Viewer & Quick Result Viewer
& Reporting @
& MERTIS_OFFNER -8 Flux Viewer
E}e Reporting

\_
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Thermal Result Viewer — Data Files @B

At «  Thermal Model Data:

e Loading of GMMs in *.erg format
e Multiple GMMs can be loaded

-8 Thermal Result Data

- i

& Quick Result Viewer simultaneously

B Flux Viewer

@ Reporting ¢ GMMs can be named

ThermalModelDataContainer: TMA

Container Settings |

Container Title | TMA

Add Model File [] use DId ERG-Reader Use Selected File (Re-)Load Selected File Delete Selected File

I File Name [ File Size (MB) [ Loaded [ Selected]
1 |K\B_TECHNIKTTEC_MECHANIK\06_Dokumentation\ThermalThermal_Papers_Conferences_Seminars\ 0.2080
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Themal Resut Viewer .
-6 MERTIS_TMA L Thermal Result Data:

T L8 Tl Mod s «  Loading of temperature and
os Thaﬂgesmw flux results in *. TMD format
™ c;;(k Viewer e Loading of custom node
& FlucViewer hierarchies

& Reporting .
e Multiple results can be

loaded simultaneously
* Results can be named

[TrermalResul vDesabontainer: HEAT UP |MERITS Ti A=sUlTs BB D |
Container Settings

Container Title:|HEAT_UP

Reference Tempearture (Tabs): | 272.15 3]
Stefan Boltzmann Constant: 5.6704-08 [W/(m*2 K]
Auto-Load TMD if smaller than: | 20 [MB]

[XLS(X) Hierarchy Files

‘Add XLS Hierarchy File No XLS Hierarchy files loaded Delete Selected File
[ File Name | File Size (MB) [ Selected|
[TMD Files
Add TD Hodel Fie (Re-JLoad Selected Fie Delete Selected Fiie GoToTab
| File Name | File size (MB) | Loaded | selectedl|
1 |KaB_ _WMECHANIK\D6_T | Papers_Confe . Seminarsh 0.5852
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Thermal Result Viewer — Data Files
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[=- B MERTIS_TMA
i @ Data Files
-8 Thermal Model Data

B8 Thermal

& Quick Result Viewer
& Flux Viewer
& Reporting

*  Thermal Result Data:

e Parts of results to be loaded
and used can be selected
(important for big files sizes)

e Check is possible if needed
data is available

[ThormainssuisoasaConsainer: BEAT 0B | |MERTIS T mzsuis nm.md | |
1

[ RE-read resut fie ]
Load
® @ Nodes @ (7] Nodes ReaDsta ® (7] Nodes StringDta
® @ornn & [@cross ® @oLnm

K:AB_TECHNIK\TEC_MECHANIK\06_Dokumentation\Thermal\Thermal_Papers_Conferences_Seminars\Space Thermal Analysic Workshop - ESA\29th - 2015 -..

® [ Hoves strngbata (AMTmesteps)
® [@lcLoma

o [@lme
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=@ MERTIS_TMA
@ Data Files
& Quick Result Viewer
@ Flux Viewer
@ Reporting

@ DataFies

9 Gk Fell e
3

b @ N Viewe:

o @ napering

[ seren ) 20mtirgin | sommt

Used model and used result file must be selected

Views can be named and multiple can be created

QR Tale Tt HEATUB.T

SIDE:1 Temmpratures [C1f Ekments (Nodes: 1000 - 1069)

Seite 12 OHB System AG

29" European Space Thermal Analysis Workshop

3—4 November 2015



OHB System — Thermal Result Viewer

187

Thermal Result Viewer — Quick Result Viewer
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- MERTIS_TMA .
@ Data Files
@ Quick Result Viewer
@ Flux Viewer

@ Reporting

| P | | OO T T AT 08 [

35

755

5

=5

SIOE 1 Tompasoturos ['C] of Elamnts (Nodes: 1000 - 1063)

T 5]

Seite 13

Model hierarchy:

Imported from GMM or TMD
or customized external files

Displayed as foldable tree

Shells with no temperatures
are greyed out

Temperatures with no shells
are combined in an
“from_TMD” nodes group

OHB System AG

Thermal Result Viewer — Quick Result Viewer

“oHB

=88 MERTIS_TMA
@ Data Files
& Quick Result Viswer
@ Flux Viewer
@ Reporting

=] e HEAT P PR —

aomdeon | 29wimnepen | bomoameen | oY Twe s peat vr

]
@) quad 1060

9 quaion1

7 qued 1062
 qua 08

and 1060

ey
qisa 066
1067
w1068
aund 106

N

) snow s 1

Snow ez waTeres

Tima sl

75= =

SIDE | Tempectures '] of Eleners odes 1000 - 1083)
o0y

Ty

R B o o003y
[T T e————, e — ————=" i
Telibt 4] Tei(050)
e

0621

L I i i i i i

0 o F) e E) iy Ao ) )

Model hierarchy:

Shells/nodes can be
grouped manually an
become selectable

The manual section is
detached from the loaded
and valid model structure

- the model itself cannot
be re-structured
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Thermal Result Viewer — Quick Result Viewer (( D H

Thermal Result Viewer .

E-68 MERTIS_TMA . Data selection:

@ DataFiles . .

& Quick Result Viswer » Allows selection of items/data

@ Flux Viewer .
8 Reporting to be displayed

e Model can be displayed
v < e e S W ezt . oy stand-alone to visualize the
shell thicknesses

» Color map can be “flat” or
& “interpolated”

755

5

e Shown time point for 3-D
color map can be selected

» Type of results can be
| selected (Temperatures,
T s = Fluxes)

SIOE 1 Tompasoturos ['C] of Elamnts (Nodes: 1000 - 1063)

* min/max values and/or
average values can be

displayed
- * Sides of GMM are selectable
e el ¢ o O = (e.g. to show MLI)
Seite 15 OHB System AG
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Thermal Result Viewer .
560 MERTIS TMA e Views 3-D/2-D:
& Data Files
148 Quick Result Viewer * 3-D color map and 2-D are
@ Flucviewss displayed simultaneously

@ Reporting

*  Shown time point for 3-D
<o s s s | s | o Tee e | e ] color map can be selected
and is indicated in the 2-D
© plot

» 3-D view can be rotated,
n zoomed, and paned

CumentSccton: ka1

Lomhatoy [ Dekia Sty I SIDE 1 Tempersiures '] of Elemerds (odes:1000 - 1068)
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Thermal Result Viewer — Quick Result Viewer
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Thermal Result Viewer
- MERTIS_TMA

msult Viewer M

Flus Viewer
@ Reporting

QR Tale THEA HEAT UP

e ey
I Py ]
]

[ et | oweseoen

‘SIDE 1 Temparatures || of Elemords (Nodes:1000 - 1063)

¢ Views 3-D/2-D:

Plots can be “sent” to the
report where thy can be
further post processed
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Thermal Resul *- . i - D
B thermet Resut vie T ——a Views 3-D/2-D:

File Figure Pos Renderer Help Creat

Thermal Result Viewer
-8 MERTIS_TMA

=5 G Data Files

| 28 Thermal Model Data

= G Thermal Result Data

5 @ Quick Result Viewer

& TMA_HEAT_UP
5 TMAHEAT_UP - Clane .
& TMA_HEAT_UP - Clone 2
68 TMAHEAT_UP - Clone3
B+ 8 Flux Viewer .
- TMAHEAT.UR
=2 G Reporting
~ 88 Word Export
|
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QRYV can be “cloned” to
generate multiple views of
the same

Each view is fully
independent of the others

Each view can be accessed
from the data selection tree

OHB System AG

29" European Space Thermal Analysis Workshop

3—4 November 2015



190

OHB System — Thermal Result Viewer

Thermal Result Vi

- MERTIS_TMA
@ Data Files
@ Quick Result Viewer
1B i Viswer
@ Reporting

ewer — Flux Viewer (( D H B
» Allows to visualize the exchanged heat flows between model parts in the
POST-PROCESSING without the need to program it into the solver a priori
* Used model and used result file must be selected
» Based on Temperatures, GLs and GRs from TMD
= I
(Coment elcton: CONER i a4
-us—\\-
TEe Tae T mie g S
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Thermal Result Vi
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=@ MERTIS_TMA
@ Data Files

Model Hierarchy:

@ Quick Result Viewer e Imported from GMM or
8 Flux Viewer
@ Reporting T™MD
[ormmemerr o | » Displayed as foldable trees
Modek TUA Resuls/ MAT 0P ™. wse Twa merarcny Frte Rapent ¥ Ties THUA HEAT UP ON BOTH SIDES
e P ' :
o I » Allows easy selection of
i N flux groups
1
1 I ¢ Fluxes FROM > TO
| |
|
I 1
|
|
| !
i I o
. £

Snow Gl esen

SeectSdeiowes [¥)s0m1 [V sam o

i
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1
'
'
1
v
'
1
'
'
'
'
'
1
1
'
'
'
'
'
1
'
'
'
'
'
'
'
'
'
'
'
'
'
1
'
'
'
'
1
'
1
'
'
'
'
'
'
1
'
'
'
L
T
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1
1
'

20 £ 00 7000 a0
T 8]
for Woms  Ospley [ Towmenat Stec tmenep fo ressont: @ onervoue s
-
™ Soge hests Timelsk 120051 :
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Thermal Result Viewer — Flux Viewer
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- MERTIS_TMA
@ Data Files
@ Quick Result Viewer
)-8 Flux Viewer
@ Reporting

=) e o ey P et Y T T HEAT P

e Collectors:

» Custom node groups can
be set up

» Displayed in separate
selection boxes

B Mol Fcurchy Tiee
5 7] TMA BAOGE

* Allows to plot fluxes from

i |
Tina [5]
Setecttmestey for e

B e E—

one group to multiple
groups in one plot

e The top tree gives
either a sum of all
fluxes or single
fluxes from all nodes
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=@ MERTIS_TMA
@ Data Files
@ Quick Result Viewer
BB Fiu Viewer
@ Reporting

Rt neATUP

EIRT— Pos st P Tide TMA HIAT P

* Collectors:

¢ Custom node groups can
be set up

» Displayed in separate
selection boxes

W M ey Tree
& ) THASTRICT

VenGRen
—— HonFluGleum || 2 s coveR
GUu{ID18:105) °

| I I | |
T o]
Oapiey [ TomRen
) g pemats

Seect tmestep for essout

P —

200 00 o sm oo

Allows to plot fluxes from
e one group to multiple
groups in one plot

e The top tree gives
either a sum of all
fluxes or single
fluxes from all nodes
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Thermal Result Viewer — Flux Viewer
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- MERTIS_TMA
@ Data Files
@ Quick Result Viewer

8y Viewsr
@ Reporting

bogr TUA T RemEaTir =) e g ey

D

[EE—

),
| SIS

o6t 1
couen
ks 3

# suct "

28

L

1
|
|
1
| |
b=m=—1 | w

ot Timo ]
= o D fer Gom  Oupy [ rowsesa S mesp stk

T —

i i i i |

seiet 7sen [ som awes Fous @ Crnunenses

0 100 m E 000 0 0 ™0

EIp—

Wi Ficrrchy Tee
T sTRUCT

T ShoGE
& £ v CoveR

e Collectors:

» Custom node groups can
be set up

» Displayed in separate
selection boxes

* Allows to plot fluxes from
one group to multiple
groups in one plot

e The top tree gives
either a sum of all
fluxes or single
fluxes from all nodes

e Sub-groups are
needed to allow
visualization of partial
flux totals
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=@ MERTIS_TMA
@ Data Files
@ Quick Result Viewer
o Flux Viewer
@ Reporting

03
04
£
:
& 05
£
G eestions STRUCT
S Bk
08
B Cotechon Sl Tree
P o7}
covn
)
@ sthuc
08

=

1
|
1
i
|
1

Time 5]
Selct st forresdt:

(RSO  —

H §
§ ;'
|§1§I

Show Fnestow  oc FGh  Diplay [ Toment
o Fos @ creunsenses

7l oen vaneresdont

T oRoGE
THaConeR

Wi iy Tex
T STRUCT

* Data selection:

e Allows selection of
items/data to be displayed

* Heat flows or GL/GR
values between groups can
be displayed

* GL and/or GR values/fluxes

» Total and/or single results
can be displayed

» Shown time point can be
selected
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Thermal Result Viewer — Flux Viewer (( D H B
Thermal Result Viewer :
£ MERTIS_TMA ° Data selection:
@ Data Files
@ Quick Result Viewer o
18 Flux Viewer
@ Reporting
o . M
et s remtarar =17 e ey [ rmmin | o ]
H TMA STRL
: S D
N
: L]
!
i .
:
03 | .
'
! ; ; ;
a D e o e R
£ e e—— i » Precise values for selected
e | B e m— | [ — time point are displayed as
e o I ey el i a pop-up table
N e | N e + Side 1 and/or side 2 of
i ; e shells can be selected
o8 i
A
i
1 | _
pm e B R TN N R RN
=== e o s =2 CA— i = = on ! ]
S e g T e e e R I [
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B ey « Allows fine-tuning of selected figures (e.g. annotations)

e e + Allows export to figures
@ Flux Viewer
& 8 Reporting e Allows export to word (under development)

et P i
& MERTS TMA
© @ Datailes

® @ Quick esut Viewer
@ P Viewer
®
& et gt

F Fiow Gaveinas [Banaeed eeeings Zor plove. w5 ba mait |
ey
[Erpon Duectery  7000] Erarele - show KT watemons0ch 5t D]

Senctiracny (PP —
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Thermal Result Viewer — Reporting
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- MERTIS_TMA
@ Data Files
@ Quick Result Viewer
B Flux Viewer
[ 88 Reporting

i
285
7

g
I
=
H

I
|
|
|
I

[ Fime Gevvings [Gomered svevings for e, v e wet |

pewe 1

{Expor Dvecory.. 10001 a3 KT wtmar s e o).

Sumc ey Ture a3 shows amat oo sy m xpen?

» Selection Tree:

» Allows selection of plots
which were sent to the
report from quick result
viewer or flux viewer

e Each view can be
accessed separately (2-D
or 3-D)

e Each view can be post
treated with MATLAB
functionalities (e.g. add
legend, change axis,
annotate, etc.)
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=@ MERTIS_TMA
@ Data Files
@ Quick Result Viewer
@ Flux Viewer
& & Reporting

*  Work area:

e Each view can be post
treated with MATLAB
functionalities (e.g. add

legend, change axis,
annotate, etc.)

port Ducctery . 1020] 7] Examo - snow KT wnrmare o e o)
Setvractory Uece e show sl o 3 cxsoe?
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Thermal Result Viewer — Reporting
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- MERTIS_TMA
@ Data Files
@ Quick Result Viewer
B Flue Viewer
G @8 Reporting

Plot settings:

e

Allows to add watermark
Allows to set quality of plots

Allows to change font size
globally
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=@ MERTIS_TMA
@ Data Files
@ Quick Result Viewer
@ Flux Viewer
8@ Reporting

Export section:

allows export to picture file
formats into dedicated
folders

- T
o | o |

CT T ——

JE N ——

I Innan inge [ Cam eings for pl Wby, g |

I — |

e 1 e ey
== I e L

I

L=
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Thermal Result Viewer — Future Work (( DHB

« Batch mode:
* Re-use of post-processing templates for:
» other cases
* model versions

e Enable an a priori creation of post-processing templates outside of GUI:
» Pre-set which parameters of which nodes are to be displayed together in a figure
* Import setting
e Export figures

¢ Automated Reporting:
e Auto export all crated figures

¢ Movies:
e Enable TRV to show movies of the temperature evolution

«  Model Comparison:
* Side by side views of different models or model versions

e Miscellaneous:
» Allow node identification in the plots
» 3-D - shell picking = highlight node in tree and curve in 2-D
» 2-D - curve picking = highlight node in tree and in 3-D
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¢ AThermal Result Viewer has been developed at OHB

e ltallows:
* Quick review of thermal models and thermal results in an integrated environment
* temperatures - 3-D and 2-D

» environmental Fluxes - 3-D and 2-D

* Quick and efficient review of heat flows between parts in a thermal model
e purely in POST-PROCESSING
e easy selection and collection options
» conductive and radiative fluxes can be visualized

» Automated export of plots into picture files

- the efficiency of thermal result post-processing has been significantly increased
compared to standard state-of the tool combinations
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