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Abstract

Obviously the quality of a thermal analysis depends on the quality of the thermal model used. Complexity
and size of thermal models have been increased in the last years. Due to this also the model validation
became more complex and time consuming. This presentation is focused on the evaluation of the
capabilities provided by ESATAP to automate the model validation process. Based on a simple example
it is shown how ESATAP can perform some automatic checks on thermal models to assist the validation
process.
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Background

¢ Quality of thermal analysis depends on the quality of the model used

e Thermal model sizes increase in the last years

e Thermal model validation becomes more complex and time consuming
e Automatic model verification is desirable

* New ESATAP version (2_1 betal) is available for testing

2>Why not evaluate, how ESATAP can be used for automatic thermal model
validation??
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Simple example model
ety

¢ Radiator Panel

® 20 mm Honeycomb

¢ 0.2 mm Facesheets

e QOuter side OSR covered
e For Groups of interest

1. Radiator outer side

2. Radiator inner side

3. SMHP‘s

4. Interface nodes
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Basic checks for model validation

1.Heat balance for each group of interest and to the environment.

2.Report all nodes with an entitiy above a given value, e.g. all nodes with a capacitance above 400 J/(kgK)
3.Report all nodes where conductors with different order of magnitude are connected

4.Do a rough mass check by: Sum mC_p over all nodes (per group) and divide the sum by a given Cp

5.0n structure panels, report thermal doubler nodes and nodes with reduced coupling.
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2. Report all nodes with a quantity above a given value

[+ ESATAP Main Window. | E=S SRS

. Example report a” nodes Wlth File Edit Script Toolbox Dataset Execute About ]

IGEHLRD « 4 2REX ¥ 9@l g >vl 2.°+—- @hade O

m_Cp above 400 = 2 chbQuantiabore
] B i Contoine

» The task contains a call to the || “®2rwo~ T

single container QuantityOver i Nosncompae
g ;&::;r:unNndes
=-@] ReportAndDisplay
-3 Report

43 DisplayFile
b e |

@ ExtractTimes
B FitToExdrema
& TimeCompare
B TimeCompress

@ TimeCount

f 2 TimeDispatch
8 TimeDuration
B TimeOffset Events |
@ Timesmooth Loading script file D:/Devt/ESATAP_2.1.0_python2_7/ESATAP [System Toolbox/Reportreportanddisplay.py s
& TimeUncompress L e |
= & Local El =>0K @
43 DOM2_ABCD pu =
Task name : ohbQuantityAbove  Container name : MainContainer  Center: Size
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2. Report all nodes with a quantity above a given value/ Results

Fichier Edition FLGZLPEES Favoris  Outils 7
B-UB -0 & B 8% @

Output Report Example
Nodes with ['mC_p', ">, 400.0]
Time step: 0.000 [s=]
’W\ p (5] Label \mc_p /K1 \mc_p_ampl /K]
[Node [HP_RAD_LCT_AC_RAD_LCT/SMHP/110101| sMuEP 1| 450.900] 50.900
[Node [HP_RAD_LCT_AC RAD LCT/SMEP/110102] sMEP 1| 450.500] 50.900
[Node [HP_RAD_LCT_AC_RAD_LCT/SMHP/110103| SMHP 1| 450.500] 50.900
[Node [HP_RAD_LCT_AC_RAD_LCT/SMHP/110104| sMEP 1| 450.900] 50.300
[Node [HP_RAD_LCT_AC_RAD_LCT/SMHP/110105| SMHEP 1| 450.900] 50.900
[Node [HP_RAD_LCT_AC_RAD_LCT/SMHP/110106| SMHP 1| 450.900] 50.900
[Node [HP_RAD_LCT_AC RAD LCT/SMEP/110107) sMEP 1| 450.500] 50.900
[Node [HP_RAD_LCT_AC_RAD_LCT/SMHP/110108| SMHP 1| 450.500] 50.900
[Node [HP_RAD_LCT_AC_RAD_LCT/SMHP/110109| sMEP 1| 450.900] 50.900
[Node [HP_RAD_LCT_AC_RAD LCT/SMHP/110110| SMEP 1| 450.900] 50.900
[Node [HP_RAD_LCT_AC_RAD_LCT/SMHP/110111| SMHP 1| 450.900] 50.900
[Node |[HP_RAD_LCT_AC RAD LCT/SMEP/110112] sMEP 1| 450.500] 50.900
[Node [HP_RAD_LCT_AC_RAD_LCT/SMHP/110113| SMHP 1| 450.500] 50.900
[Node [HP_RAD_LCT_AC_RAD_LCT/SMHP/110114| sMEP 1| 450.900] 50.900
[Node [HP_RAD_LCT_AC_RAD LCT/SMHP/110115| SMHEP 1| 450.900] 50.900
[Node [HP_RAD_LCT_AC_RAD_LCT/SMHP/110116| SMHP 1| 450.900] 50.900
[Node |[HP_RAD_LCT_AC RAD LCT/SMEP/110117) sMEP 1| 450.900] 50.900
[Node [HP_RAD_LCT_AC_RAD_LCT/SMHP/110118| SMHP 1| 450.500] 50.900
- P J
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3. Check all nodes if conductors have different order of magnitude

T R A ) L. e
The taSk ContainS: File Edit Script Toolbox Dataset Execute About

GEHLD ~sB2BX ¥ ool Iz vl 2.°+—- 0ovae @
e Concat to concatenate

=53 ohbCendMagnitude f

e all our input results in a (8] MainContainer
super_datacube used by 48 conaMagnitude
other components >

e “condMagnitude” component

' -y .

43 ResultBxtrema -
= £ Sink

42 BlackBody

43 GreyBody

@ LinearSink

3 RadiativeSink
= [ Statements i

2 ELSEcomp | UL

43 FORcomp P -

B IFcomp I var myRenamed => [ i

Task name : chbCondMagnituc Container name : MainContainer  Center: (300,229)  Size: (115,44)
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3. Check all nodes if conductors have different order of magnitude
'EditComponent Pmpe&es [ . EN
F@ General | 3 Controls |
Select channels Select and edit controls for
=435 condMagnitude Control Value Edit |
E-4f nputs 1 |Magnitude 30.0 ]
-9)) Channel
= |- outputs
~}) Channel
e soeciic
Description:
Magritude in % =
6‘ ‘a‘ [@ [¥] inherits upper layer controls
INFO : Processing component condMagnitude
INFO : WARNING Time step:0.000 Node :HP_RAD_LCT_AC_RAD_LCT/SMHP/110102 has GR with magnitude
greater than 30.0 % Delta is 39.8541639171 %

SYSTEM
4. Do arough mass check
[ aree i indow 3 L — e ) |
File Edit Script Toolbox Dataset Execute About —
This task sums mC p over all BERYLD «fd2BX Y wed S5 vl 2 7+=- @049 @
- L. 0 roughMassCheck
nodes (per group) and divide & 512 Mainontine
. WSIVJnVnAIINodes w
the sum by a given Cp to DOy
compute a rough mass check TR
e SumAlINodes compute the mC_p
sum of nodes of the group

e The DivideBy component divides
the group mC_p by our Cp
° RenameQuantities: rename the

) X @ Resultbxtrema =
resulting quantity to m(Kg) =0 s
3 BlackBody
@ GreyBody
4% LinearSink
@ RadiativeSink
B ) Statements Il
& ELSEcomp
35 FORcomp E >>> from Local. Tasks. roughMassCheck.roughmasscheck import = S
=/ 55> resety m
& Feomp >>> Companent. GUT_RUNNING = True ]
4 THENcomp >>>man
B Stop INFO  : Running task roughMassCheck i
Task name : roughMassCheck  Container name : MainContainer

Center: (496,142)

Size : (116,44)
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4. Do arough mass check / result
With a Cp of 900 J/(kgK) -

PrintToConsoleResult is:

INFO : PrintToConsole(Inputl): 'myRenamed'

*k%k

var myRenamed => [
[ Time: 0.000 [s]=
Group: RADIATOR OUT (4002)= m: 1.352 [kg],

*kk
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5. Report thermal doublers and nodes with reduced coupling

File Edit Script Toolbox Dataset Execute |About
GERHYD 2R X Y ool TG vl . 7+—- @Vae @
=0 ohbCondAvgMagnitude
£ 3] MainContainer
% Concat w
4@ condAvgMagnitude

8 D_‘—(F Concat ‘F—DF condAvgMagnitude 1

s ELSEcomp

> FOR:
g lrm:':'p var myRenamed => [

3 s

Task name : ochbCondAvgMagr Container name : MainContainer  Center Size:

Sum the GLs for each node a group and report the ones where the sum is less
than ‘magnitude’ times the average values of the sums
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5. Report thermal doublers and nodes with reduced coupling / results

+ The result of the task is the following for a model were no problem is
identified is:
INFO : Processing component condAvgMagnitude

INFO : Time :0.0 CHECK OK: The sums of the GLs for each node differs less than 80.0% of the
GLs sum average

INFO : Time :8612.76464844 CHECK OK: The sums of the GLs for each node differs less than
80.0% of the GLs sum average

* The result of the task is the following for a model were a problem or
doubler is identified:
INFO : Processing component condAvgMagnitude

INFO : WARNING Time :0.0 Node :HP_RAD_LCT_AC_RAD_LCT/RADIATOR/222118 GL sums
0.3368772 differs more than 30.0% GLs sum average 0.258922145455 Delta is
30.1075268817 %

INFO : WARNING Time :0.0 Node :HP_RAD_LCT_AC_RAD_LCT/RADIATOR/222119 GL sums
0.3368772 differs more than 30.0% GLs sum average 0.258922145455 Delta is
30.1075268817 %
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Summary

* Application of ESATAP successfully tested for automatic model validation

* With already existing components easy check like a rough mass check can
be performed

» Due to the high flexibility the user can combine existing components for
own model checks

* New components like “CondAvgMagnitude” have been implemented on
request
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