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Annex B (normative)
Thermal and geometrical model description - DRD 

B.1 DRD identification

B.1.1 Requirement identification and source document

This DRD is called from ECSS-E-ST-31, requirement 4.5.2.1e.

B.1.2 Purpose and objective

The objective of this document is to describe the thermal mathematical models (GMM and TMM) used for thermal analysis.

B.2 Expected response

B.2.1 Scope and content

<1> Introduction

a. The thermal and geometrical model description shall contain a description of the purpose, objective, content and the reason prompting its preparation.

b. Any open issue, assumption and constraint relevant to this document shall be stated and described.
c. Status and limitations of the models shall be described in detail.
<2> Applicable and reference documents

d. The thermal and geometrical model description shall list the applicable and reference documents in support to the generation of the document.

<3> Definitions and abbreviations

e. The thermal and geometrical model description shall list the applicable directory or glossary and the meaning of specific terms or abbreviations utilized in this document.

<4> Geometrical mathematical model

f. The document shall describe geometrical models used for thermal analysis (including identification of surfaces, external geometry, model lay out).
g. The document shall describe input data and modelling assumptions for view-factor and external flux calculation. 

NOTE  For example: Environment, geometry description, thermo-optical properties, insulated and non-insulated areas, moving bodies.

h. The document shall describe input data referenced to a coordinate system as agreed in relevant system ICDs.

i. Heat input shall be presented separately for

1. Solar radiation
2. Planet albedo radiation
3. Planet infrared emission.

j. Geometrical interfaces between spacecraft and appendices or bodies used in the radiative calculation and not directly related to the spacecraft shall be described.

NOTE  For example: COLUMBUS Module and ISS, spacecraft and solar array, spacecraft and test facility.

k. Tools (including version) and computer environment used for establishing geometrical models shall be described.

<5> Thermal mathematical model

l. A complete set of input data for a thermal mathematical model (including additional heat fluxes not derived by the GMM) shall be described including all passive and active thermal control features.

m. The Modelling characteristics of active components and interfaces of sub-models to the main spacecraft model shall be described.

NOTE  For example: Mechanical pump, two-phase loops, varying conductance devices, heater control

n. The model description shall contain in detail

1. Model breakdown structure

2. Node numbering hierarchy

3. Node properties 
NOTE  E.g. heat capacity, area, and dissipation

4. Conductive, radiative and convective couplings

5. Graphical representation of the model

o. In case model reduction techniques are being applied, these techniques shall be described and the validity of the reduced model justified.

p. Tools (including version) and computer environment used for establishing thermal models shall be described.
q. Modelling constraints and critical implementation issues shall be described and their relevance on analysis shall be indicated.

<6>  Model checks

r. Results of performed checks of TMM and GMM shall be presented.

<7> Files and lists

s. The following information, in a format as agreed with the system authority, shall be attached to the document as annexes:

1. Identification of delivered computer files,

2. GMM and TMM source lists based on applied tools.

<8> Documentation

t. Model descriptions for GMM and TMM shall be delivered, which contain:

1. General description of the models
2. Diagrams allowing better understanding of the models 
NOTE  For example, external geometry and views of the model layout.
3. Test case description
4. Number of rays used for radiative coupling calculation
5. Average and maximum accuracy obtained by the radiative coupling calculation
6. Number of rays used for external fluxes calculation
7. Number of orbital positions for external fluxes calculation
8. Relaxation factor for TMM
9. Time step used in the transients
10. Listings containing all the models data (model input files)
11. Test calculation results
12. Convergence criteria for TMM calculation.

u. Models data and test calculation results shall be delivered as electronic file.

B.2.2 Special remarks

None. 
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