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Abstract

Following the previous part of this SYSTEMA-THERMICA demonstration, this second part focuses on
the simulations and results handling.
In particular, this second part covers:

e THERMICA analysis

— Multi-threading and Ray-Tracing acceleration
— Accuracy and modelling error handling
— THERMICA processes and options

e THERMISOL analysis

— Skeleton management
— Temperature computation

— Post-Processing toolbox
e SYSTEMA post-processing

— 3D results mapping and video recording
— Advanced dynamic curve, table views and csv export

— Ray visualization

26" European Space Thermal Analysis Workshop 20-21 November 2012



SYSTEMA-THERMICA Demonstration — Part 2 125

() ASTRIUM

™ THERMICA — THERMISOL
Demonstration - Part 2

SYSTENM A

 —

Demonstration
Part 2
»SYSTEMA: Process
= Global View of full process, links, inputs and outputs
= Access to processes options
B Thermica.syspic edition . M=%
T = |
R;:Ld(::;::dmml ["Raytracng | Gitical | Nomal | Low | REFCDmputaI‘E
R’::mt e 876743 . ‘
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Demonstration

Part 2

= SYSTEMA: Process

= Selective Module’s executions

B process run
Select which processes you want to run :
Process Status
Mission Mo execution required
Nodal_Descri... Mo execution required
Conduction Mo execution required
Radiation Mo execution required
Solar_Flux Ha execution required
Planet_Fluxes Mo execution required
v Skeleton Execution required  run parameters have been updated
v Solver Execution required : & previous process is executed
[Overwritten files | Cancel || Run |
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=Process Outputs

= LOG: Execution summary report
= NWK: Network files dedicated to the temperature solver

= H5: HDF5 results, rays...
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* THERMICA:

= Parametric

Material Outputs

26th European Space Thermal Analysis Waorkshop

Nodal Description

$MODEL Mission

# Material Properties

$LOCALS
$REALS
# MLIT
EPS_MLI = 0.710:
ALP_MLI = 0.520;

# Black Paint

EPS_Black_Paint = 0.900;
ALP_Black_Paint = 0.950:
# White Paint

EPS White Paint = 0.810;
ALP_White Paint = 0.250;
# MLI 1

EPS MLI 1 = 0.800:
ALP_MLI_1 = 0.590;

# SunCell

EPS_SunCell = 0.820;
ALP_SunCell = 0.740;

# Kapton

EPS_Kapton = 0.850;
ALP_Kapton = 0.850;

# TILI_2

EPS_MLI_2 = 0.900;
ALPTMLI 2 = 0.950;

# OSR 1

COND_OSR_1 = 1.64:
DENS_OSR_1 = 2530.00;
CP_OSR_1 = 821.00:

# OSR

EPS OSR = 0.810;
ALP_OSR = 0.059;
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= Sub-Model management

$CONDUCTORS
# Surface Contact: Surface Contact (1)

GL( Equipments:1 , 400
GL( Equipments:2 , 300
GL( Equipments:3 ,
GL( Equipments:4 ,

SINITIAL
# Capacitance Overloads :

Capacitance Overload
:Equipments:1 = 3500
Capacitance Overload
Equipments:2 = 2600
Capacitance Overload
Equipments:3 = 1850
Capacitance Overload
:Equipments:4 = 2485

Q3 Q3 Q3 Q 3%

Internal Dissipations :

# Internal Dissipation
QI:Equipments:1 = 20
# Internal Dissipation
QI:Equipments:2 = 30
# Internal Dissipation
QI:Equipments:3 = 35
# Internal Dissipation
QI:Equipments:4 = 43

- 20-21 November 2012

*THERMICA: Nodal Description

= Use of specific Items

) = 1.898E+000;
) 5.695E+000;
) 2.989E+000;
) 2.347E+000;

(1)
(2)
(3)
(4)

(1)
(2)
(3)
(4)

Demonstration

Part 2

C ASTRIUM

26" European Space Thermal Analysis Workshop

20-21 November 2012



128 SYSTEMA-THERMICA Demonstration — Part 2

Demonstration

Part 2
*THERMICA:  Conduction
= Nwk: Edge definitions, Coupling structure
SEDGES
E = 100000|El, A = 6.6657E-001 * 5,0000E-003;
E = 100000|E2, 100500|E8, A = 3.0010E-001 * 5.0000E-003;
E = 100000|E3, 100002|E4, A = 1.0557E+000 * 5.0000E-003;
E = 100000|E4, 100100|E4, A = 9.6667E-001 * 5.0000E-003;
E = 100000|E5, A = 1.0557E+000 * 5,0000E-003;
$CONDUCTORS
# Couplings from node 100002
GL(100002, 100002|E1l) = 2.747E-002 * COND_OSR_1;
GL(100002, 100002|EZ) = 3.276E-002 * COND OSR 1:
GL(100002, 100002|E3) = 2.747E-002 * COND OSR 1:
GL(100002, 100002|E4) = 3.276E-002 * COND_OSR_1:
GL(100002|E1, 100002|E2) = -1.468E-005 * COND_OSR_1;
GL(100002|E1, 100002|E3) = -9.144E-003 * COND_OSR_1;
GL(100002|E1, 100002|E4) = -1.468E-005 * COND _OSR_1;
GL(100002|E2, 10000Z2|E3) = -1.468E-005 * COND OSR_1;
GL(100002|E2, 100002|E4) = -1.080E-002 * COND OSR_1:
GL(10000Z|E3, 100002|E4) = -1.468E-005 * COND OSR_1:
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= THERMICA: Conduction

= Visualization of Edges and their properties in 3D model

U iz W) 22 il s suisis
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A
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Demonstration
Part 2
*THERMICA: Radiation
= Multi-threaded Application
— Number of active threads : 4 ( / 4 available)
= Smart Copy or Skip of orbital position computations
- orbital position 15/40 - copying position 14
26th European Space Thermal Analysis Waorkshop 20-21 November 2012 b ASTRIUM
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* THERMICA: Radiation
= Superposition Management
Log:
* WARNING *
Superposition within node: Node 80500 {0.772363 3)
tarea of node adjusted to: 2.59412)
Nwk:
SINITIAL
# Corrections of area due to overlapping (1 nodes concerned)
AB80500 = 2.594E+000
26th European Space Thermal Analysis Workshop - 20-21 November 2012 \Lb/ ASTRIUM
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Demonstration

Part 2
= THERMICA: Radiation
= Error Estimation:
IR Gebhart Factor Budget :
I Enission Nods | Rays Emicted | REF sum | Ereer |
. e e o o047 | 1.53 % |
| 10300 | 10000 | 1.01 | 1.04 |
| Number of modes with less than 1 % of ezror: 237 ( 9924 |
| \
= Other Tables:
- Inactive Impingements
- Low Space Couplings
26th European Space Thermal Analysis Workshop - 20-21 November 2012 — b ASTRIUM
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= THERMICA: Radiation

= 3D Mapping and Ray-Visualization

26th European Space Thermal Analysis Workshop - 20-21 November 2012 e Q’ ASTRIUI I

26" European Space Thermal Analysis Workshop 20-21 November 2012



SYSTEMA-THERMICA Demonstration — Part 2 131

Demonstration

Part 2

= THERMICA: External fluxes

= Curve View - export to jpeg file
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*THERMICA:  External fluxes
i Guap s e (1)
Absorbed Solar Flux
. Mission_Thermica-Absorbed Solar Flux (w/m2)
L] Table VI eW u 9500 L] 9300 u 3400 Equipments:1 M Equipments:2 Equipments:3
. 0.000 3.456 0.252 1.523 15.887 46.381 0.000
export to csv file
4786.707 572,344 1.465 365.927 26,885 52,016 1,445
7180.065 |512.774 5.834 276.892 24.483 45.988 1.487
9573.422 416,758 10.489 134.185 95,320 157.206 0.599
11966.772 | 291.150 92.336 39.747 263.305 280.485 4.591
14360.129 101,070 531.729 233.260 331,153 349.033 21511
16753.487 | 206,394 718,539 444,488 387513 396,647 115,092
19146.845 | 427.868 879.450 661.067 437.973 451.307 209.255
21540.194 |584.737 996.458 777.036 451,611 496,007 295.593
23933.552 810496 1114.860 918.803 36.962 513.519 248.030
26326.909 | 973.451 1282.398 987.976 43.024 531.947 15.200
28720.259 1073433 1225.079 1112.713 288,314 471.572 2175
30976.085 | 1256.563 1210.838 1171.558 60.514 381.043 1.939
31103.585  0.000 0.000 0.000 0.000 0.000 0,000
33506.974  0.000 0.000 0.000 0.000 0.000 0.000
35151.710 | 0.000 0.000 0.000 0.000 0.000 0.000
35279.211 | 1282.837 1209.336 1170.195 7.811 11.475 10,937
& 35900.332 |1277.707 1140.020 1150.447 1.768 38.899 19.859
% 38293.681 | 1245.267 1070.027 1014.321 3.540 20,729 114,874
; 40687.039  1327.142 951.810 932.317 3.160 26.701 484.283
E 43080.396 ' 1109.863 757.944 834.619 17.855 8.991 493.740
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_ Demonstration
} am - Part 2

= THERMICA: External fluxes

= 3D and 4D Animated Results - export to jpeg / mpeg file

3D View (1) ; Mission.s:

44444

S C ASTRIUM

Demonstration

Part 2

» THERMICA: External fluxes

= Ray Display

[/a]s)

(
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Demonstration

Part 2

s THERMISOL: Skeleton

= Easy Data collection

#USE "Mission.nod.nwk"

#USE "Mission.gl.nwk"

#USE "Mission.gr.nwk"

#USE "Mission. fp.nwk"

#USE "Mission. fs.nwk"

S$INFOS

$MODEL #READ-MODELNAME "Mission.nod.nwk"™
SLOCALS

$SNODES

[..1

Skeleton File 7
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*THERMISOL: Solver
= Pre-Processor: Model Verification & Error Checking
*;;;:I;;;* Undeclared Symbols found !!!
- WVAR has been found 1 times in file Model.dck at lines 21430
26th European Space Thermal Analysis Workshop - 20-21 November 2012 b ASTRIUM
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Demonstration

Part 2

*THERMISOL: Solver

= Pre-Processor: Model Verification & Error Checking

Sizes:
- Number of Models : 2
- Number of Thermal Nodes : 245
- Number of Thermal Edges : 249

- Number of GL : 1075
- Number of GR : 6050
- Number of GRWLB : 0
- Number of GF : 0

- Number of Electric Nodes

- Number of Electric Components
Model '"Mission':

- Number of Events : 0

- Number of Thermal Nodes : 230

- Number of Electric Nodes : 0

oo

-=-> Warning : Thermal Node
--> Warning : Thermal Node
--> Warning : Thermal Node
--> Warning : Thermal Node

--> Warning : Thermal Node

- List of unused symbols
== GVAR (real)
-- ECLFLG (real array)
Model 'Mission:Equipments':
- Number of Events : 0
- Number of Thermal Nodes : 15
- Number of Electric Nodes : 0
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Demonstration

Part 2
*THERMISOL: Solver
= Execution Summary Report
Transient run : Crank-Nicholson
Time Variables Implicit Convergence Time Discretisation Error
% TIME TIMEN DTIMEU | LOOPCT RELXCC NRLXCC ENBALT ERRT NERRMAX DT OPT
1 -> 0.00000 % ] 172.32 27 -388E-05 4000 ( Mission) 742E05  560E01 3500 ( Mission) 40.528
1 -» 200000 % 17232 17232 19 b6.52E-05 4700 { Mission) 1.03E-04 479E03 4600 { Mission) 198.254
1 ->  4.00000 % 3446.4 17232 19 5.BBE-05 4100 { Mission) S.08E-05 415603 4500 Mission) 207.931
1 -> 6.00000 % 5169.6 172.32 50  -BEBE-DS 4100 ( Mission) 1.10E-04  314E01  3600( Mission) 49.137
1 -> 500000 % 68925 17232 16 6.54E-05 4700 { Mission) 1.60E-04 3.36E-04 4900 ( Mission) 480.609
1 -> 10.00000 % 8616 17232 94 9.54E-05 900 { Mission) 8.66E-05 9.29E04 4900 ( Mission) 342.382
1 -> 12.00000 % 10339.2 172.32 17 6898E05 4100 ( Mission) 1.19E04  319E03  4500( Mission) 226.927
1 -> 14.00000 % 12062.4 17232 21 -3.B4E-05 4700 { Mission) B.38E-05 1.16E-01 4600 { Mission) 65.504
1 -» 16.00000 % 137856 17232 17 -B17E-DS 4700 [ Mission) SB7E-05 1.25E-03 3 (Equipments) 310.252
1 -> 18.00000 % 15508.8 172.32 15 9.05E-05 4100 ( Mission) 8.94E04  342E03 4400 ( Mission) 221.766
1 -» 2000000 % 17232 17232 17 -B11E-05 4100 { Mission) 9.27E-05 1.87E-02 4600 { Mission) 125918
1 -»  22.00000 % 18955.2 17232 16 8.45E-05 4700 [ Mission) 3.95E-04 571E04 5 (Equipments) 402.662
1 -> 2400000 % 20678.4 172.32 17 -7.59E-05 4100 ( Mission) 2.57E04 122603 4900( Mission) 312.861
1 -> 26.00000 % 224016 17232 20 -BB1E-05 4100 { Mission) 1.18E-04 1.26E-02 3600 ( Mission) 143713
26th European Space Thermal Analysis Workshop - 20-21 November 2012 \‘ ' ASTRIUM

26" European Space Thermal Analysis Workshop 20-21 November 2012



SYSTEMA-THERMICA Demonstration — Part 2 135

Demonstration

Part 2

s THERMISOL: Solver

= Results Report

PRNDTE ' ', 'L,C,T,Q8,QA, QE,QI, QR' in model Mission (TIMEN = 0)

MODULE SCRANK

TIMEN = 0 (TIMEND = 86160)

DTIMEU = 17z.32 (DTIMEI = 17z.32)

LOOPCT = 28 (NLOOP = 1000)

ENBALT = 8.6136e-005 (INBALT = 1000)

RELXCC = -9.9363e-005 (RELXCA = 0.0001) &t node 3800 in model
MODEL NODE L [+ T Q3 QA QE QI QR
Mission 100 D Model/CAISSE/CLOSURE+E 0.000000 =-119.521760 2.3623 0.069309 0.061389 0 0
Mission 101 D Model/CAISSE/CLOSURE+X 0.000000 -126.563782 0.070773 0.15781 0.10553 0 0
Mission 102 D Model/CATISSE/CLOSURE+X 0.000000 -122.770370 0.019602 0.23355 0.10069 0 0
Mission 103 D Model/CAISSE/CLOSURE+E 0.000000 =-129.265758 5.172e-008 0.2043 0.081003 0 0
Mission 104 D Model/CAISSE/CLOSURE+X 0.000000 -141.402654 0.517z21 0.06508 0.095743 0 0
Mission 105 D Model/CAISSE/CLOSURE+X 0.000000 =-129.394738 0.94562 0.z0887 0.1329 0 0
Mission 106 D Model/CAISSE/CLOSURE+E 0.000000 -128.378253 0.001628 0.2866 0.09078 0 0
Mission 107 D Model/CAISSE/CLOSURE+X 0.000000 -134.960308 0 0.20401 0.10888 0 0
Mission 108 D Model/CAISSE/CLOSURE+X 0.000000 -124.218373 3.6141 0.045 0.058222 0 0
Mission 103 D Model/CAISSE/CLOJURE+R 0.000000 -133.540962 3.2304e-006 0.20547 0.084845 0 0
Mission 110 D Model/CAISSE/CLOYURE+X 0.000000 -127.410547 0 0.25728 0.13741 0 0
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s THERMISOL: Solver

= SYSTEMA Display: Curve, Table, 3D, 4D

Curve View 1) =
Temporanes Tomporaties

e e A |
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= Conclusions

= Easy and Visual Process management
= Fast Process executions
= Exhaustive Log files with Errors checking and handling

Powerful results display in SYSTEMA

=\We are eager to collect users feedback to keep up
with the improvement of the tool
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SYSTEMA ST——
THERMICA R . DI
THERMISOL

Visit our Web site :

THERMISOL - Applications

THERMISOL has been used. validated and upum\zed on many pro]ec(s Thanks to 5 years of intense
o amples of the THERMISOL

o, The oscillations can be drastically reduced by the use of an automatic time stepping. In the previous
N put file, the call to SLFWBK has been replaced by a call to the subroutine SCRANKAUTO, and two
comm\ »anab\es have been added in the pavsgraph SLOHTROLS

ERRMIN = 0.01; ERRMAX = 0.01;

The new solution is plotted in the following graph

Contact :

timothee.soriano@astrium.eads.net
maxime.jolliet@astrium.eads.net
anne.millet@astrium.eads.net e e
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