
ICS 49.140 TECHNICKÁ NORMALIZAČNÁ INFORMÁCIA Máj 2022

TNI
CEN/TR
17603-31-17

Kozmická technika
Príručka na tepelnú analýzu

31 0540

Space engineering - Thermal analysis handbook

Táto technická normalizačná informácia obsahuje anglickú verziu CEN/TR 17603-31-17:2022.
This Technical standard information includes the English version of CEN/TR 17603-31-17:2022.

Táto technická normalizačná informácia bola oznámená vo Vestníku ÚNMS SR č. 04/22

134692

Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky, 2022
Slovenská technická norma a technická normalizačná informácia je chránená zákonom č. 60/2018 Z. z. o technickej normalizácii.

scasna
obrázok pre farebnú normu



TNI CEN/TR 17603-31-17: 2022                              Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky



 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 

 
TECHNICAL REPORT 

RAPPORT TECHNIQUE 

TECHNISCHER BERICHT 

	
	 CEN/TR 17603-31-17 
  

 
 January 2022 

ICS 49.140     

English version 

 Space engineering - Thermal analysis handbook  

Ingénierie spatiale - Manuel d'analyse thermique  Raumfahrttechnik - Handbuch für thermische Analyse 
 
 
This Technical Report was approved by CEN on 29 November 2021. It has been drawn up by the Technical Committee 
CEN/CLC/JTC 5. 
 
CEN and CENELEC members are the national standards bodies and national electrotechnical committees of Austria, Belgium, 
Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, 
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North Macedonia, Romania, Serbia, 
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and United Kingdom. 
 
 
 

CEN-CENELEC Management Centre: 
Rue de la Science 23, B-1040 Brussels 

© 2022 CEN/CENELEC All rights of exploitation in any form and by any means 
reserved worldwide for CEN national Members and for 
CENELEC Members. 

Ref. No. CEN/TR 17603-31-17:2022 E

TNI CEN/TR 17603-31-17: 2022                              Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky



CEN/TR 17603-31-17:2022 (E) 

2 

Table of contents 

European Foreword ................................................................................................... 6 

1 Scope ....................................................................................................................... 7 

1.1 Objectives and intended audience ............................................................................ 7 

1.2 Context ..................................................................................................................... 7 

2 References .............................................................................................................. 9 

3 Terms, definitions and abbreviated terms .......................................................... 11 

3.1 Terms from other documents .................................................................................. 11 

3.2 Terms specific to the present document ................................................................. 12 

3.3 Abbreviated terms................................................................................................... 13 

4 Modelling guidelines ............................................................................................ 16 

4.1 Model management ................................................................................................ 16 

4.2 Model configuration and version control .................................................................. 17 

4.3 Modelling process ................................................................................................... 17 

4.4 Modularity and decomposition approach ................................................................. 19 

4.5 Discretisation .......................................................................................................... 19 

4.5.1 Overview ................................................................................................... 19 

4.5.2 Spatial discretisation and mesh independence .......................................... 20 

4.5.3 Observability ............................................................................................. 20 

4.5.4 Time discretisation .................................................................................... 21 

4.5.5 Input parameters ....................................................................................... 22 

4.6 Transient analysis cases......................................................................................... 23 

4.7 Modelling thermal radiation ..................................................................................... 23 

4.7.1 Introduction to thermal radiation ................................................................ 23 

4.7.2 Radiative environment .............................................................................. 24 

4.7.3 Thermo-optical properties ......................................................................... 25 

4.7.4 Transparency and optical elements ........................................................... 26 

4.7.5 Spectral dependency ................................................................................ 26 

4.7.6 Radiative cavities ...................................................................................... 27 

4.7.7 Geometrical modelling .............................................................................. 28 

TNI CEN/TR 17603-31-17: 2022                              Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky



CEN/TR 17603-31-17:2022 (E) 

3 

4.8 Considerations for non-vacuum environments ........................................................ 29 

4.8.1 General ..................................................................................................... 29 

4.8.2 Specific regimes ........................................................................................ 29 

4.8.3 Conduction or convection .......................................................................... 29 

4.8.4 Heat transfer coefficient correlation ........................................................... 30 

4.8.5 Charge/discharge of gas inside pressurised systems ................................ 30 

5 Model verification ................................................................................................. 31 

5.1 Introduction to model verification ............................................................................ 31 

5.2 Topology checks ..................................................................................................... 31 

5.3 Steady state analysis .............................................................................................. 32 

5.4 Finite element models ............................................................................................. 33 

5.5 Verification of radiative computations...................................................................... 34 

6 Uncertainty analysis ............................................................................................. 35 

6.1 Uncertainty philosophy ........................................................................................... 35 

6.2 Sources of uncertainties ......................................................................................... 36 

6.2.1 General ..................................................................................................... 36 

6.2.2 Environmental parameters ........................................................................ 36 

6.2.3 Physical parameters .................................................................................. 37 

6.2.4 Modelling parameters ................................................................................ 37 

6.2.5 Test facility parameters ............................................................................. 37 

6.3 Classical uncertainty analysis ................................................................................. 38 

6.4 Stochastic uncertainty analysis ............................................................................... 39 

6.5 Typical parameter inaccuracies .............................................................................. 39 

6.6 Uncertainty analysis for heater controlled items ...................................................... 41 

7 Model transfer, conversion and reduction ......................................................... 42 

7.1 Model transfer ......................................................................................................... 42 

7.1.1 Introduction to model transfer .................................................................... 42 

7.1.2 Analysis files and reference results ........................................................... 42 

7.1.3 Documentation .......................................................................................... 44 

7.1.4 Portability of thermal models ..................................................................... 44 

7.2 Model conversion.................................................................................................... 45 

7.2.1 Introduction to model conversion ............................................................... 45 

7.2.2 Management of thermal model conversions .............................................. 46 

7.2.3 Model conversion workflow ....................................................................... 47 

7.2.4 Verification of radiative model conversions ............................................... 50 

7.2.5 Verification of thermal model (TMM) conversions ...................................... 52 

TNI CEN/TR 17603-31-17: 2022                              Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky



CEN/TR 17603-31-17:2022 (E) 

4 

7.3 Model reduction ...................................................................................................... 52 

7.3.1 Introduction to model reduction ................................................................. 52 

7.3.2 Management ............................................................................................. 53 

7.3.3 Model reduction guidelines ........................................................................ 53 

7.3.4 Model reduction correlation success criteria .............................................. 54 

7.3.5 Model reduction approaches ..................................................................... 55 

Annex A Specific guidelines ................................................................................... 57 

A.1 Multilayer insulation ................................................................................................ 57 

A.1.1 Introduction ............................................................................................... 57 

A.1.2 Modelling principles ................................................................................... 57 

A.1.3 Modelling patterns ..................................................................................... 58 

A.2 Heat pipes .............................................................................................................. 58 

A.2.1 Introduction ............................................................................................... 58 

A.2.2 Modelling principles ................................................................................... 59 

A.2.3 Modelling patterns ..................................................................................... 59 

A.2.4 Design verification ..................................................................................... 59 

A.2.5 Model verification ...................................................................................... 60 

A.3 Layered materials ................................................................................................... 60 

A.3.1 Modelling principles ................................................................................... 60 

A.3.2 Modelling patterns ..................................................................................... 60 

A.4 Electronic units ....................................................................................................... 63 

A.4.1 Introduction ............................................................................................... 63 

A.4.2 Physical data and modelling advice .......................................................... 64 

 

Figures 
Figure 1-1: Thermal analysis in the context of a space project ............................................... 8 

Figure 4-1: Modelling process .............................................................................................. 18 

Figure 4-2: Examples of cavities: top showing two completely closed cavities, bottom 
showing two almost separated cavities with a small opening .............................. 27 

Figure 7-1: Diagram for the ideal model conversion workflow ............................................... 47 

Figure 7-2: Activity diagram for conversion workflow - Conversion done by developer. ........ 48 

Figure 7-3: Activity diagram for conversion workflow - Conversion done by recipient. .......... 48 

Figure 7-4: Comparison of converted GMM radiative couplings ............................................ 51 

 
 : Typical heat pipe nodal topology ....................................................................... 59 

 : Example of verifying heat pipe heat transport capability .................................... 60 

 : Typical electronic unit thermal network ............................................................. 63 

TNI CEN/TR 17603-31-17: 2022                              Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky



CEN/TR 17603-31-17:2022 (E) 

5 

 

Tables 
Table 6-1: Typical parameter inaccuracies (pre-phase A and phase B) ................................ 39 

Table 6-2: Typical parameter inaccuracies (phase B and phase C/D) .................................. 40 

Table 7-1: Model reduction methods .................................................................................... 55 

 

TNI CEN/TR 17603-31-17: 2022                              Úrad pre normalizáciu, metrológiu a skúšobníctvo Slovenskej republiky



CEN/TR 17603-31-17:2022 (E) 

6 

European Foreword 

This document (CEN/TR 17603-31-17:2022) has been prepared by Technical Committee 
CEN/CLC/JTC 5 “Space”, the secretariat of which is held by DIN. 

It is highlighted that this technical report does not contain any requirement but only collection of data 
or descriptions and guidelines about how to organize and perform the work in support of EN16603-
31. 

This Technical report (CEN/TR 17603-31-17:2022) originates from ECSS-E-HB-31-03A. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CEN shall not be held responsible for identifying any or all such patent rights. 

This document has been prepared under a mandate given to CEN by the European Commission and 
the European Free Trade Association. 

This document has been developed to cover specifically space systems and has therefore precedence 
over any TR covering the same scope but with a wider domain of applicability (e.g.: aerospace). 
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1 
Scope 

1.1 Objectives and intended audience 
This handbook is dedicated to the subject of thermal analysis for space applications. Thermal analysis 
is an important method of verification during the development of space systems. The purpose of this 
handbook is to provide thermal analysts with practical guidelines which support efficient and high 
quality thermal modelling and analysis. 

Specifically, the handbook aims to improve: 

a. the general comprehension of the context, drivers and constraints for thermal analysis
campaigns;

b. the general quality of thermal models through the use of a consistent process for thermal
modelling;

c. the credibility of thermal model predictions by rigorous verification of model results and
outputs;

d. long term maintainability of thermal models via better model management, administration and
documentation;

e. the efficiency of inter-organisation collaboration by setting out best practice for model transfer
and conversion.

The intended users of the document are people, working in the domain of space systems, who use 
thermal analysis as part of their work. These users can be in industry, in (inter)national agencies, or in 
academia. Moreover, the guidelines are designed to be useful to users working on products at every 
level of a space project – that is to say at system level, sub-system level, unit level etc. 

In some cases a guideline could not be globally applicable (for example not relevant for very high 
temperature applications). In these cases the limitations are explicitly given in the text of the 
handbook. 

1.2 Context 
The use of computational analysis to support the development of products is standard in modern 
industry. Figure 1-1 illustrates the typical thermal modelling and analysis activities to be performed at 
each phase of the development of a space system. 

NOTE More information about the project lifecycle can be found in ECSS-
M-ST-10 [RD5]. 
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Phase A 
Feasibility

Phase B 
Preliminary 
definition

Phase C 
Detailed 
Definition

Phase D 
Qualification 
production 

Phase E
Utilization

PDR CDR QRPRR

• Analyse requirements
• Define TCS concept
• Perform trade-off
• Assess TRL of TCS 

products

• Define preliminary design of TCS
• Develop thermal models
• Perform calculation for worst hot/cold 

cases
• Perform and correlate development tests

• Define final design of TCS
• Update thermal models
• Perform calculations covering all 

mission cases

• Adapt thermal models for test configuration
• Perform test prediction
• Perform test correlation
• Update  flight thermal models with outcomes 

of test correlation
• Perform analysis in support of production 

activities

• Adapt thermal models for mission
• Perform mission predictions 

(ground & flight) 
• Perform flight correlation
• Perform analysis in support of 

operations

 

 
 

Figure 1-1: Thermal analysis in the context of a space project 

It can be seen that thermal models are used during all phases of the space system development to 
support a large number of activities, ranging from conceptual design right through to final in-flight 
predictions. 

Indeed, in some cases, thermal analysis is the only way that certain thermal requirements can be 
verified; as physical tests are either too expensive or unrealisable. It is therefore vital for the credibility 
of the predictions made that the quality of the models is as high as possible. 
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